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Flow Depth:

The value of bottom width (b) divided by depth of flow
(d) should not exceed a value of 50. This b/d ratio of 50
has been arbitrarily selected as a maximum value to prevent
a very shallow flow in a relatively wide rock chute which
might result in non-uniform flow conditions.

The critical depth encountered at the junction of the
entrance section and the chute section 1is dependent upon the
flow depth in the Inflow waterway or side inlet. For design
purposes, the critical depth will be considered as 0.7 the
flow depth in the waterway upstream.

With a free outlet condition for the chute, flows will
go through a hydraulic jump in the outlet sectiom. The
height of the hydraulic jump and the location where the jump
occcurs, measured from the juanction of the chute section and
outlet section, depends upon the velocity and depth of flow
in the chute section and the tailwater depth created by flow
in the gutlet channel. For design purposes, the height of
the jump is considered to be twice the flow depth in the
chute (2 d).

Design Charts:

With a known design § and d50 rock size, the charts in
Figure IN-6-9 will give a deslgn chute bottom width (b),
flow depth (d) and velocity (v) for nine d50 rock sizes
(4", 5", 6", 7", 8", 97, 10", 11" and 12") for chute profile
slopes from 5:1 to 10:1 with 2:1 and 3:1 side slopes. These
values were determined using the "n" wvalues from Figure
IN-6-7. The flow depth (d) shown, from 0.5 feet (minimum
recommended design depth) to 1.5 feet, assumes that uniform
flow 1s attained in the chute section. Bottom width (b)
shown is from 2 feet to 30 feet in 2?2 foot increments.

Values in the tables exceeding 150 cfs or exceeding the
allowable velocity shown in Figure IN-6-8 are shown for
reference and should not be used.

Chute Section:

The construcced depth of the chute section should allow
For 0.5 feet freeboard. This total depth (d + 0.5) is shown
as "dc” on the data sheer {(IN-ENC-36).

The horizontal chute section length (Lec) is equal to
the chute profile slope (5) times the overfall (F).

9 The ﬁlgpe length of the chute section (Ls) is equal to
FIg™ ¥ 1) .

(EFM Notice IN-53, November 1989
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ROCK LEINED CHUTE CAPACITY

Rock €30 size: 4 inches; Chute side slopes 2 to 1; Chate prefile sloper 5 ta 13
Hazieun alfowable velocity: 5.9 feet per second Maximen allovable Q = 150 cfs
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Rock 450 size: 4 inchesy Chute side slope: Ite |y Chute prefile slope: 5 te I
Maximunm allovable velocity: 5.8 feet per second Maximum 2llovable Q = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 1 of 54
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ROCK LINED CHUTE CAPACITY

Chute side slopes 2to 1;
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 2
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Chute profile slope: & to
Maximum allowable O = 150 cfs
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Chate profile sloper 7
Mavimum allovable § = 150 ofs

Rock d50 size:
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ROCK. LINED CHUTE CAPACITY

Chute side slope: Ztol;
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ROCK LIMED CHUTE CAPACITY

Rock 450 size: 4 inches; Chute side slope: 2 to 13 Chute profile slope: 8 to 1;
Maximum allowable velocity: 5.8 feet per second Mivimum alfovable Q = 150 cfs
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Rock d50 size: 4 inches; Chute side slope: It Chute profile slopes 8 to 1;

Maximum allovable velocity: 5.8 feet per second Maxiwem 2llovable Q = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 4 of 54
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FOCE LIMeD (HUVE CAPRCITY

Rack 450 sipe: 4 inches; Chute side s!ope: 2 to i Chute profile slope: 240 1;
Meximim z!lowvable velocity: 5.8 feet per cecond Maximus zllovable ) = 150 cfs
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Figure I¥=-6-9 - Rock Lined Chute Capacity
Sheet 5 of 54
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Rock d50 size:
Faximum allovable velocity: 5.8 Teet per second
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FOCY. LINED CHUTE CAPACITY

Chute side slopes Z te 1
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ROCK LINED CHUTE CAPACITY

Rock 450 sizet 5 inches; Chute side slope: 2 to I; Chute profile slope: 5 te 1;
Haximm alfovable velocity: &.4 feet per second Mazieum allovable Q = 150 cfs
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Rock 450 size: 5 inches; Chute side slope: It l; Chute profile slope: 5 te 13
Maximum allovable velocity: &.4 feet per second Maximum allovable § = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 7 of 54
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ROCK LIMED CHUTE CAPRCITY

Rock &30 size: & inches; Chute side slopes Zte1; Chute profi-le slopes 6 to 13
Miximsm 2llowzble velocity: 6.4 feet per second Miwimum 2llovable § = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 8

(EFM Notice IN-53, November 1989)
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ROCK LINED (HUTE CAPACITY

Rock d50 size: 5 inches: Chute side slepe: 2 tel; Chute profile siope: Tt l:
Manimum alflowable velocity: &.4 feet per second Maximue allovable 0 = 150 cfs
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Rock 450 size: 5 inches; Chute side slope: ERINH Chute profile slepes 7T to I3

Maximum allovable velocity: 6.4 feet per second Maximum allovable Q = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 9 of 54
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ROCK LINED CHUTE CAPACITY

Rock 450 size: 5 ifches; ; Chute side slope: Zte I3 Chute profile slope: 8 to 1
Maxieus allowable velocity: 6.4 feet per second Maximum allovable § = 190 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 10 of 54
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ROCK LINED CHUTE CAPACITY

ook 050 size: 5 inches; Chube side slope: Zto 1
Maximun zllowable velecity: &4 feet per second

Chute profile slope: % ta
HMaximum allowvable § = 150 cfs

(EFM Notice IN-53, November 1989)
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 11 of 54
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ROCK LINED CHUTE CAPACITY

Rock 450 sizes 5 inches; Chute zide slope: Zte 1 Chute profile slope: 10 to I;
Mazimum allowable velocidy: 4.4 Teet per second Haxinun allovable O = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 12 of 54
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ROCK LIMED CHUTE CAPACITY

Chute side slope: Z te 1;
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Chute profile siuﬁe:
Haximum allowable O = 190 ofs
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Figure IN-6-9 - Rock Lined Chute Capacity
Sheet
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Rock d50 size:
Meximum allowzble velocity: 6.9 feet per second

& inches; Chute side slope: 2 te 13
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ROCK LINED CHUTE CAPACITY
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ROCK. LINED CHUTE CAPRCITY

Rock 450 size: & inches; _' Chate side slopes Zto; Chute profile slope: T to 1
Maximus allowable velocity: 6.9 feet per second Mazimua allovable § = 150 cfs
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Rock 430 size: & inchesy Chute side slopes 3 te I; Chute profile slope; T to 13
Maximum allovable velocity: £.9 feet per second * Maxinum allovable Q = 150 cfs
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Rock 50 size: & inches; Chute side siope: 2 to Iy Chate profile slopes & to 03
Maximun allevable velocity: 6.9 feet per second Mawimum 3llovable Q = 150 cfs
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Rock d50 size: & inches; Chute side slope: 3t 1 Chute Erﬂlilt sloper "8 to 13

Mazimum allovable velocityr 6.9 feet per second Haximum atlowable Q = 150 cfs
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ROCK LIMED CHUTE CAPACITY

Figure IN-6-9 =

Rock Lined Chute Capacity
Sheet 16
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ROCK LINED CHUTE CAPRCITY

Chute profile slope: 9 ko I
Maximum 2llowahle O = 150 cfs
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FOCK LIHED CHUTE CAPACITY

Fock d50 size: & inchesy Chute side slope: 2 to 1 Chute prefile slopes 10 to 1;
Mivimum alfowable velocity: 4.7 Teet per second Maxioue 2llowable § = 150 ¢fs
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Rock d50 size: & inches; Chute side slopes 3t 13 Chute profile slope: 10 fo 15

Maximum aflowable velocity: 6.9 {eet per second Maximum 2l{ovable 0 = 160 cfs
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Rock Lined Chute Capaclty
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ROCE LINEL CHUTE CaPACITY

Rork 450 size: T irches; Chute side shope: Z ko i3 (hute profile siope: 5 to 13
Mi: imum alleuable velocity: 7.4 feet per second Mazimes 2ilovable 9 - 150 cfc
d: 0.% 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b L LI Yy 9 ¥ 0 ¥ o0 v 9 ¥ 0 Yy 0 Yy 0 ¥ 0 Y 0
: 4.7 1 5T 1 &6 16
4 51 13 &2 19 T2 &
& 53 1* &5 8 T.6 I
L] 5.4 4 &6 I
10 5.5 2 4,8 45
12 .6 35 6B B4
i4 5.6 42 £ 63 -
14 5.6 48 &9 12
1 57 W™ 1.0 £
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24 57T T T.1 107
26 7.1 114
. .1 12
0 7.1 132
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Rock d50 size: T inches; Chute side slope: 3to 13 Chute profile slope: 5 to |;
Kaximm allovable velocity: 7.4 feet per second Mazimen zllowable @ = 150 cfs
1 0.5 0.6 0.1 0.8 0.9 © 1.0 1.1 1.2 1.3 1.4 1.5
b L v 10 v 0 L L] ¥V 0 L ¥ 0 L ¥ Q v 0

4.6 B 55 13 65 19 T4 M
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12 55 37 6T %
M 55 49 48 &
14 54 4 &8 1N

1 5.4 B 59 82
20 546 & &% 9

54 84 TN M
5.7

74 J 072 1.0 108
£t T.0o17
28 1.0 126
X T.1 1%

Figure TN<6-9 - Rock Lined Chute Capacity
Sheet 19 of 54

(¢t Niedee IN-53, Nov ober 1954)



6-182 .

ROCK LINED CHUTE CAPACITY

Rock 450 size: T inches; Chute side slope: 2t 13 Chute profile sloper & te 13
Maximum allowable velacitys 7.4 Teet per second Magimum allowable Q = 150 cfs

LH 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.2 14 1.5
b Yy 0 LI LI L L ] v 0 LI ¥ 1 ¥ 19 v ¥ 0
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Rock d50 size: T inches;’ Chute side slope: Ite 1; Chute profile slope: & to 1j
Maximem allowable velocity: 7.4 feet per second Maximum allowable O = 150 cfs
d: 0.5 0.4 0,7 0.8 0.9 1.0 1.1 1.z 1.3 1.4 1.5
b L v oo v o LA LA L LI v 0 L ¥ 0 L
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6 4T 18 58 T 6T
B 4.8 23 5% B LY 4
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16 6.1 44 452 & T4 W
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n 6.4 123

Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 20 of 54
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Rock d50 size: T inches; Chute side slope: E.tﬁ 1
Marzimum aflowable velocity: T.4 feet per second

b 0.5 0.4 0.7 0.9 0.9 1.0 1.1 1.2
b v U Yy ¥ o v o Voo LI LI L
Z 4.0 b 4.8 ? 5.6 13 &4 1B .1 24
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Rock d50 size: T inches; Chute side slope: 3 ko 1

Haximem allowvable velocity: 7.4 feet per second
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Figure IN-6-9
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ROCK LINED CHUTE CAPACITY

=:FI::::I:::E!:IEIZ:!Z:!!!

Chute profile slope: Ttol;
Maxinum 2llovable § = 150 cfs

1.2 1.4 1.9

¢ v o v oo v 9

Chute profile slopes T to 1
Macimum allovable Q = 150 cfs

1.3 1.4 1.5

-~ Rock Lined Chute Capacity

Sheet 21 of 54

(EFM Notice IN-53, November 1989)



Rock d50 size: T inches; . Chate side slope: 2 te 13 Chute profile slope: 8 &0 13
Mavimum allowable velocitys T.4 feet per second Miximum allowable § = [50 cfs
LH 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 - [.4 1.5
b v oq ¥y 9 ¥ 0 v o0 vy a v oq ¥ 0 LI Y o L ¥
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Rock 450 sizes T inchesy Chute side slope: Tte1; Chute prafile slope: 8 to 1j
Maximum allovable velocity: 7.4 feet per second Kaximum allovable O = 150 cfs
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Figure IN-6-9
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ROCK LIMED CHUTE CAPRCITY

- Rock Lined Chute Capacity

Shaet 22 of 54

(EFM Notice IN-33, November 1989)
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ROCK LIMED CHITE CAPACITY

Rock d%0 size: T inches; - Chute side slope: 2 ta 1y . Chute profile sleper % ko 1
Havimum allowable velocity: 7.4 feet per serond Hagimem allowable O = 150 ¢fs
ds 0.5 0.6 a.7 0.8 0.5 1.0 1.1 1.2 1.3 1.4 1.5
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Rock 450 size: T fnches; ) . Chute side slope: Ite Chute profile stopes 9 to 1;.
Mizimum allovablé velocity: 7.4 feet per second Mawimum aifovable O = 150 cfs
wi 0.5 b.6 0.7 0.8~ 0.9 o 14 1.2 1.3 14 1.5
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Figure IN-6-~9 - Rock Lined Chute Capacity
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6-186

ROCK LINED CHUTE CAPACITY

Chute side slopes

7.4 feet per second

2t 1} Chute profile sloper 10 to 1;
Magimum allovabie Q = 150 cfs

1.0 1.1 1.2 1.3 l.4 1.5

0.7 0.2 0.9
v q v 1 LI v.o v g v o LA L v
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© Chyte side sfoper  ~ 3 o I Chute profile sloper 10 to 1;
Maximum 2llewable Q = 150 cfs
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Figure TIN-6-9 - Rock Lined Chute Capacity
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Rock 450 size:

L= O
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0
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Rock 450 size:

2
24
26

28

B inches;
Magiown 1l lovzble velocity: 7.9 Feet per setond

b=187

FOCK LINED CHUTE CAPACITY

Chute profile slope: 5 to I
Maximen allowable Q@ = 150 cfs

Chute side slope:  ~ 2 ko 1§
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8 inches; Chute side slope: Itp 1 Chuke profile slope: 5§ to I3
Maximum allewable yelocity: T.9 feet per second Maxinum allovable Q = 150 ofs
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Fock d50 size:
Mazimen 2l fowabie velocitys

o
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£ inches; Chute side slope: 2t 1y
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6-188

ROCE LINED CHUTE CAPACITY

Chute profile slope: & to 1
Haximom allovable § = 150 cfs

1.2 1,3 1.4 1.5
0 v o0 Voo v 0¥ 1
=3 --l---i-I'::!FI“EI“IIIIIlllt!:!:'!!!!!l
Chute profile sloper 6 fo 13
Maximum 3llowable Q = 150 cfs
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Figure IN-6-9 - Rock Lined Chute Capacity
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ROCY, LIMED CHUTE CRPACITY

6-189

deck 450 size: 8 inches; Chute side slope: 2kl Chute profile sfope: T to 13
Waximum allovable velocity: 7.9 feet per second Kuximum allovable O = 150 cfs
d: 0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b LI v 0 ¥ q L L ¥ 0 LI, v 0 v 0 v u ¥
2 36 5 44 B B2 12 59 IT &6 B3 T3 B 1Y X
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16 43 3% 54 85 &4 78 T4 1M
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22 43 B0 54 T 65 106 TS5 14
24 43 5 54 82 L5 16 T.5 1M
24 5.5 89 6.5 125
8 55 % 6.5 135
0 55 103 6.6 14
L e e e e e e B e ) e e B e P e s P b b e P b e b e e
Rock 450 size: 8 inches; Chute side siope: I te iy Chute profile sloper 7 to 1
Maximem allovable velocity: 7.9 feet per second ; Maximum aflovable § = 150 cfs
0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b L ¥ o LI voq v o L v q L v 1 L] v
2 35 6 43 10 50 M 58 2 &5 I T ¥ 1.8 45
4 38 10 446 16 B85 23 63 N OTH 4 1T ©
6 3% 15 49 23 5T ;B 64 M T4 58
8 40 19 50 29 59 42 48 B 14 T3
0 41 24 %1 3 &0 5 65 ¢ 1.8 89
12 42 28 52 & 41 & T.0 B T8 105 .
4 42 B 52 B 62 T T4 WM.
16 42 31 53 B 63 1 I 10
18 43 41 53 43 463 8 LY 1Y
20 4.3 4 53 T0 &4 98 7.3 1M
2 4.3 80 5.4 T &4 108 T4 L4
24 4.3 B5 54 83 44 1T T4 15
24 54 %0 4.4 127
29 54 9T 65 13
0 5.4 104 6.5 144
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Rock 450 size: 2 inches; Chute side slope: 2 to 1 Chute prefife sloper 8 %o 1;
Maximum allovable velocity: 7.9 fpet per second Mazimum allovable § = 150 cfs
LE 0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b v 0 v 0 ¥ 0 ¥ 10 Y 0 v Vo Yy Q ¥ 0 L ¥
2 33 5 41 & 48 11 55 14 &Z 2 &8 IT TA M 80 &
4 6 % 45 14 53 0 &0 2T &T I/ T4 45 B1 E5
¢ 38 13 471 0 55 ¥ 43 ¥ T S0 T8 £ :
g 37 0 4.8 2 57 3T 45 B T3 M 81 8
10 39 22 49 3 58 4 446 £ TS5 719
12 4.0 26 4.9 X 59 BB 6T T} T.6 W
4 40 20 S50 45 59 & 68 8 1.7 109
1€ 40 M 50 5 &0 T3 &F WM OTT 124
1 40 3 50 5 &0 8 &% 109 7.8 139
20 40 42 51 &4 &0 W T 120 T 1N
Z 41 1 51 M &1 % 1.0 1%
24 .1 H 5.1 TI7 é.1 108 T.0 144
2 51 83 &1 N7 7.0 156
24 51 0 &1 126
0 5.1 % 4.1 13
:l::l::|::|::|:rl:l::'rl'l:l:l:::l'::::t::‘:::=:=‘.":::::t:=::::::Ir:::::tt:::::n::::::r:i::z‘lﬁ:::l:l::nz:‘!z=--'-::!:z=====r=:==l:=|::=:!zz:::!z:!::zti:!i:r:zt:::
Rock d50 size: 8 inches; Chute side sloper ~ 3 tg 15+ Chute profile slope: 8 te I}
Maximem 2llovable velocity: 7.9 feet per second Maxinum 3l lovable § = 150 cfs
[H 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b vy o ¥y ¢- Y 0 Vv 0 v a Yy u ¥ 0 ¥ 0 Y Q ¥ 0 ¥
2 32 6 40 9 AT 4 54 19 460 2 4T B T3 42 T8 BT
4 35 10 4.3 15 540 22 59 WM 44 0 T2 BTy &
& 3T M 45 1 54 0 41 M 67 M T4 63
8 38 18 47 2 55 ¥ 63 5 1. & T.80 8
10 38 4.8 34 5.7 48 65 & 7.3 83
12 3% 2 48 40 57 S &6 T8 T4 9
4 3.9 3 49 4 58 & 47T B 1.5 113 .
16 40 3 4% 51 5F T4 6T 9 T.6 128
18 40 ¥ 50 5% 59 83 4.8 11 7.0 143
20 40 42 50 &5 59 % 69 123 1.7 158
22 4.0 &1 5.0 T2 4.0 101 A9 1F
24 40 51 50 T8 40 110 &7 148
Fi. 5.1 84 £.0 119 7.0 158
P 5.1 91 6.0 127
30 51 97T &1 13
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ROCK. LINED CHUTE CAPACITY
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: 6-191

ROCE LINED CHUTE CAPACITY

Rock d50 size: 8 inthes) Chute side slope: {8 H Chute profile slope: % to 1;
Maximum allovable velocity: 7.9 feet per second Maximm allovable Q = 150 cfs
d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b v 9 v o LI v Q v o v o v q v 0 Y 0 LA v q
2 31 05 329 T 446 11 52 15 58 N 464 2 TO X TS &
4 34 09 42 13 5.0 19 57 5 64 3 OTHO &£ Tk 85 B2 63
6 3.6 12 44 19 52 T &0 ¥ &T & T4 W R0 T2
8 3.6 16 45 25 B4 ¥ 41 4T L5 B TE TE
0 37T 20 46 N 55 M4 63 B T 15 TR 93

12 3T M 47T 31 55 8 64 & T2 8 1% 11
14 38 8 4.7 4 656 & 64 080 T.2 103
16 3.8 3 4T 4 54 & 65 91 T3 117

2 38 3 4.8 5B 5T T 465 102 T4 I
20 3.8 40 48 &1 57 8 646 113 T4 145

2 38 ¢ 48 67 5T MM 46 135 TA W
24 3.8 48 4.8 T3 ST 102 6.6 1M

26 ¢ 4.8 T¥ 5.8 110 A6 14T

Fi:] 48 B 5.8 119 6.7 158

0 4.8 91 5.8 127
B e P e e e e S SZE====ss e e e e e e e
Rock €50 size: B inches; Chute side slopes 3 to 1; Chute profile slope: 9 to 1;

Maximum 3l lowable velocity: T.7 feet per second Maximum allowable Q = 150 cfs

at 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b Y 0 v 0 LI ¥ 0 L L L LI ¥ o v 0 vy 0

2 L1 0% 38 % 44 13 051 18 57T A &3 N 6B 40 T4 SO0 T 41

4 3.3 9 41 4 48 2 55 ¥ 6.2 T 68 48 T4 & 80 T3

& 3.5 13 43 X 51 ¥ 58 ¥ 65 B T.Z &4 T8 80

8 3.6 1T A4 26 5.2 I &0 B 6T &5 T4 8l

W 3.6 21 45 ¥ 53 45 £.1 €1 &9 T8 T4 98

12 3T B 4.6 3B 54 83 62 T2 THO W T.T 16

W 3.7 ¥ 4.6 44 55 & 63 83 T 16 7.8 133

14 27T 3 47 % 55 T0 44 ™ 1.2 10 1.9 180

18 37 37 4T B 54 T8 &4 15 T2 15

20 2.8 40 47 &2 5.4 BT 65 116 T3 149

2 8 4 4T &8 546 95 L5 12T T.I 163 -

24 3B 48 48 T4 5.7 W03 £5 1m

24 4.8 80 5.7 112 &.6 14%

28 48 ® 5T 120 6.4 160

n 48 % 57 128
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Rock 450 size:

Maximum allowable velogity:

0.5

Lo
.2
3.4
3.4
.5

3.5
L.b
L6
L6
3.6

2.6
3.4

12
i3
19

23

r

J

42
45

Rock 450 size:

oM e e P

—

12

16
18
20

24
26
28

0.5

¥

2.9
1 |
1.3
3.4

34

1.5
3.5
3.5
3.4
1.4

8 inches; Chute side slopes 2 to 1y
1.9 feet per second

Lé 0.7 0.8 0.% 1.0 1.1

¥ G L q ¥ g ¥ 0 ¥ 1] ¥ U]
T 07T 43 0 4% 4 55 13 &1 M 44 A
40 13 47 18 5.4 M 6.0, 32 646 4 T2 47
2 18 4% B 57 M 463 45 TO S T8 ¥
43 M 51 3 598 45 45 WM T2 T2 19 83
44 29 52 4 5% 8B 4T TI T4 B 8.1 108
44 3B 52 49 60 & 68 B TS5 U6
45 4 5.3 5 61 TE L9 W T4 122
4.5 46 53 & &2 8 &% 1L T.T 138
45 6 5.4 73 62 T T.0 124 1.7 1%
45 58 54 81 &2 18 T.0 138
£5 61 5.4 8 43 118 T 181
4.6 &F 54 9T 63 11
46 T 65 15 6.3 1
4.6 B0 55 113 &3 IR0
4.6 B 6.5 121 6.3 140

B inches; Chate side slope: . 2 to 13

Maximom allovable velocitys 7.9 feet per second

0.6 0T 0.8 0.9 1.0 1.1

vy 0 v oq U v q v 0 v o
36 8 42 12 48 1T 54 23 40 M 45
39 M4 46 20 52 21 - 5% W/ 65 45 1.0 5
41 19 48 2T 55 I 6.2 48 6B 61 T4 T&
4.2 25 80 ¥ 57 4T &4 4 0 1T T8 95
43 ® 51 43 58 8 45 M Tz 93 7.8 U5
43 ¥ 51 51 59 & 46 88 T3 O 8.0 14
.4 41 52 5 6.0 ™ 467 101 T4 1248
44 41 5.2 & &0 B9 4.8 114 1.5 142
4.4 5 53 MM &1 P 59 128 T4 IS
45 5 5.3 8@ 61 10 A% 14
£5 44 53 M 4.7 120 6.9 154
45 T0 5.4 ® &2 1Y
45 T8 54 1% 5.2 141
45 8 54 14 62 189
1.5 87 5.4 122

g

]
¥
1z
18
20

i
27
k)|
ki
]

42
46

ROCK LIMED CHUTE CAPACITY

6-192

1.2

1.0
T.6
8.0

Chute profile slope: 10 to 1;
Maxirum allovable Q = (50 cfs

1.3 | 1.4 t.h
q ¥ u Vo v o
BOTHE 4
6 8.3 T2
a
Chute prefile slope: 10 to 1;
Maximem allowable § = 150 cfs
1.3 1.4 1.5
! Y 0 v 9 v o
v 1.5 99
6
92
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. 6-193

ROCK LIMED (HUTE CAPACITY

dock 50 size: ¢ inches; Chute side siope: Z to 13 ' Chute profile slope: 5 to 1;
Haximum allovable velocity: 8.4 feet per second Haximem allovable § = 150 cfs
d: 0.5 0.6 0.7 0.9 0.9 1.0 1.1 1.2 1.3 1.4 L.5
b ¥ 9 - v 0 Yy q Yy 0 Vo v o0 v oq Y 0 vV 0 L v o0
2 38 & 48 9 546 13 65 19 1.3 0B 8.1
4 41 10 52 16 62 23 T4 ! B0 £ 88 B
6 4.3 15 54 23 65 3 T4 45 g4 57
8 44 20 55 U &6 M 1T 5 84 T
0 45 25 5.4 38 4.8 B 1.8 T3
12 4% 29 571 45 &8 & 1.9 8
4 45 3 58 5 6% T 8.0 I
14 4.6 3% 58 &0 T.0 B5 8.1 114
18 486 44 58 & 7.0 95 8.0 128
20 446 48 5% T8 OT.0 1M 8.2 142
22 44 B3 5% 8 T4 114 8.2 155
Z4 46 B8 5.9 89 T. 12
24 5% 9T T4 1H
28 5.5 14 T.1 147
0 59 111 1.2 157
:’!'I':.IIIll_lz:l:Ill!ll::ztll!:tﬁ!lz:ﬂ:::::::=IIII!I!II’IIII’IIIl'llII'll!l!!!lll!!I!!!!:!=!_=_____.._..._.,..,....._..._...___!__...__............===='=::!!:!:!:!2::!!:!2!'
Rock d50 sizez % inches; Chute side slope: It 1y Chute profile slope: 5 %o 13
Maximum allowable velogity: 8.4 feet per second Warimum allowable Q = 150 cfs
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b Y 0 v 0 Y q L ¥y 0 ¥ o ¥ 0 Yy 0 L Yy 0Q v 0

Z2 37T 6 46 11 55 16 63 2 Ta1 N 19 B
4 40 11 50 18 60 26 69 B T 4

6 42 16 53 B 63 % T2 4 81 &

8 43 20 54 X 65 46 15 & 84 8

10 44 25 55 3 66 5 1.6 T6

12 44 30 5.6 4 6T & 1.8 89
4 45 F 51 M 468 & 1.7 103
14 45 3% 57 & &8 & 19 Uur

12 45 . 4 571 &4 6% %1 8.4 131
20 4.4 47 58 Té 6.9 10T 5. 144

2 44 94 5.8 83 0 THO N8 g1 158
24 446 5 58 90 T.0 128

26 5.% 93 7.0 1%
28 5.7 105 T.1 149
0 §.% 112 1.4 159
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b-194

ROCK, LINED CHITE CAPACITY

Rock 50 size: ? inches; Chute side slope: Ztaly Chute profile slope: & to 13
Haximem 2llovable velocitys 8.4 feelt per second Maximum allowable Q = IS0 cfs

d1 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1,3 1.4 1.5
b ¥ 0 v Q L 0 ¥ 0 v 0 ¥ 0 ¥ |1} ¥ Q L L] ¥ Q

2 35 5 43 8 52 12 5% 1T 64 213 TA I B0 T

4 38 % 47 15 &5 I 65 29 1.3 2 8.0 438 8.8 €0

[ 39 i 1.9 21 5% 3 6.8 41 7.6 B 8.5 64 ;

g 40 18 51 ¥ &1 440 TH0 M O TY T

1 41 7 51 B 42 4 T4 66 8.1 B

12 44 21 62 41 &3 5 7.2 T 8.2 1

4 41 3 53 48 43 6 T2 91 9.3 118

14 4.2 B 53 5 &4 T7T 7.4 14 2.4 1M

18 4.2 40 53 61 &4 BT T4 LT 84 150

i 4.2 44 53 6 64 W TS5 129

22 42 & 54 75 45 W& T.5 142

24 42 53 54 B &5 15 TS 1D

i 5.4 83 £.5 125

8 54 9 6.9 134

¥ .4 102 &5 144

Rock 450 size: 7 inchesy Chute side slopes Ite 1 Chute profile sloper 6 %o I

Maxieum allowable velocity: 8.4 feet per second Maximua allowable @ = 150 cfs

LB 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b ¥ 0 v 0 L] ¥ 0 Y 0 ¥ 0 L ¥ 10 L vy 0 v 0

2 34 & 42 10 50 14 58 M 45 B T.2 MW OT.9 4

4 3T 10 446 16§ BS5 #3 63 3 T 43 7.8 55

& 3.8 M 48 I 5T 3 &4 M T4 58 g1 7

8 3% 1?7 4% 2 5% 4 8 ST T ™M 85 92

10 &9 1. %

0 23 50 ¥ &0 51 T.0

12 4.0 21 651 42 &1 & T 8 2.0 104
W41 3’ ORI O &2 T T2 W 80 122
16 4.1 % 52 5B &3 19 T2 W 8.2 132
1 41 40 57 6 43 8 1.2 119 8.3 154
0 4.7 45 53 67 43 " T4 13 g

22 4.2 4% 53 T8 &4 108 T4 1M
4.7 5 5.3 8 &4 1T 7.4 187
a7

24 .

26 5.3 b4 126
28 6.4 96 4.4 134
30 5.4 103 &5 145
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L 6-195

FOCK LINED CHUTE CAPRCITY ¥
Aock 450 size: ¥ inches; Chute side slopes Z to 13 Chute profile slope; 7 to |;
Wagimum allowable velocity: 2.4 Feet per second Baxinum allovablie @ = 150 cfs
[ H 0.5 0.6 0.7 ':h_&- 0.% 1.0 1.1 1.2 1.3 1.4 1.5
b L ¥ 0 Vv 0 LI vV q ¥ 0 ¥ o0 ¥y 0 V¥V 0@ ¥ 0 ¥y 0
i 32 5 40 8 48 11 55 & &2 & 68 2T T4 M B0 42
4 35 9 44 14 852 N &0 W LT B TS5 45 8.1 T 8.8 &7
& 3.4 13 446 20 655 28 43 ¥ Ta S T.8 63 84 T
g 37T 1T 47 24 S.46 3 &5 % 1.2 &4 8.1 8l
M 38 A 48 3} 5T 4 &6 81 T8 TP 83 99
12 3.8 % 48 M 58 S &7 T3 0 T.6 W B4 112
14 3.8 29 49 44 %58 43 &8 8BS LT 109
15 3.9 31 49 6 5% T &8 % 7.7 1
12 3.9 37 49 5 5% 80 &9 108 1.8 139
20 3.9 41 50 & 460 89 6% 120 7.8 154
27 3.9 45 50 6% 60 %R 1.0 13
M4 3% 49 B0 TS &0 10T 7.0 43
Fil 50 82 &£.0 116 1.0 155
i 50 88 &0 124 ,
30 50 94 &1 133
e e e R L e R
Rock d50 size: ¥ inches; . Chute side slopes Il Chute profile slope: T &0 1
Maximem allovable velocity: 8.4, feet per second Maximum allowable Q.= 150 cfs
0.5 0.6 o7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b Y 0 L v o, v @ L v 0 L ¥ 0 L y 0 Y 0
A | 5 3.9 % 446 13 54 19 40 I®H AT W OTE 43 1.8 83
i 34 9 42 15 651 ¥ 58 W &5 ¥ OT.E S8 T8 63
¢ 3.5 13 45 21 53 W 41 41 &9 B4 7. 6B 8.3 BS
8 3.4 1T 46 2T 55 ¥ 43 B OTd & 19 @ 5
3T 21 AT 33 5.4 4T 64 8 T3 83 8 105
12 3.7 % 47 3 57T 66 6.4 75 T4 % 8.2 123
4 3.8 ¥ 48 45 5T & &6 8 TS5 113 83 142
14 3.8 32 48 % 58 T3 &7 % 1.6 128 84 180
18 38 3 4% B 5% &£ 48 110 T.7 143
2 3% 41 4% &4 5% %1 4.8 I T OIST
203% 45 4% T0 5.9 100 4.8 134
24 ifF W 4.9 T4 65,9 108 6.7 145
Zé 4.9 @3 &0 11T &9 15T
i 5.0 87 4.0 124
0 50 9% 4.0 135
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6-196

ROCK LINED CHUTE CAPACITY]

Rock d50 size: # inches; Chute side slopes - Z to 1y Chute profile slope: & to I}
Haximum allowable velocity: 2.4 feet per second Marisum alfowable O = 150 cfs
dt 0.5 0.6 0.7 0.8 0.% 1.0 1.1 1.2 1.3 1.4 1.5
b v o v.o v g Yo Vv.oao Vv.oao v.a v.o o voao Voo o v
z 30 5 38 T 45 11 5.1°-15 68 20 &4 2/ 4% X TS 4 8148
4 1.2 B 41 13 49 18 54 X 63 3 O T.0 42 T4 5 82 43 8.8 T4
& 3.4 17 43 18 61 2 5% X 46 41 T3 B 80 TZO BT 87
g 25 16 44 24 52 3B/ 41 4T 6B &0 T4 T6 83 M
10 35 19 45 W 53 43 g2 W T M OTT 73 85 1M

12 3.6 2@ 45 3 54 5 43 6 T4 82 1.7 W0

14 3.6 2T 446 4 55 5 &3 v T2 12 8.0 128 ;
16 2.6 M 4.6 4T 55 & 44 9 T2 116 B 145 : .
18 3.4 35 4.6 5 55 75 &4 100 T3 130 8.1 182

M 3.6 WM 46 59 5.6 B3 45 12 T3 14

i 3T 42 44 65 5.4 92 45 123 T4 158
4037 4 AT TL 56 100 &5 1M

26 47T T6 5.6 108 6.6 145
P 4.7 8 5.6 116 6.6 156
0 47T B8 5T 124
:1::I’:;:;::::=======:==l:’:::::Ii:::t::::::.,"..,".::::!:::!:!!ll!III:::::‘-‘::::'-'=====-‘r==11=$======='====!"E"I===7======'='==-=======!====5=!!’“:======1
Rock d50 size: 7 inches; . ~ Chute side slope: RN Chute profile slopes € te 1
Haxieum allowable velocity: 8.4 feet per second Maximum allevable § = 150 cfs
d: 0.5 0.6 .7 0.9 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b ¥ o ¥ o LI ¥y 0 LI v o ¥ Yy 0 v o q ¥ 0 L

2 § § 37 8 43 12 50 18 5.4 4 62 M 68 40 T4 B0 B0 & 85 T4
i 2 40 14 47 20 54 8 601 I 48 4T TH4 BF BO T3

6 3.3 12 42 19 50 28 57T B 64 B0 TA & T8 -1 8B4 9T

8 1 4.3 % 51 3% 57 49 L6 M TH Bl 8.0 100

0 5 44 3 52 #4460 4 &8 TR .TE % 87 121

12 25 24 44 W 53 5 &1 T1 4% F2 0 OTT I 84 14

4 3.5 27 45 4 54 & 42 81 1.0 105 T8 IR

16 3.6 31 45 4 G54 & 63 9 T4 17 T.9 IW

18 a4 .3 45 B 55 MM 43 103 7.2 133 B.O 16T

20 3.6 3 46 M0 55 BF &4 114 T2 14T

2 26 43 46 4 55 93 6.4 125 T3 1sl
24 34 #4446 T 55 1M 44 13

ik 446 T He 109 &5 147
z8 4.6 83 5.4 118 45 158
n 4.7 89 5.6 128
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Rock d50 size:

d:

14
16
18
0

22
24
26
28

L=< I L

Rock 450 size:

% inches; Chute side slopes Zto1; Chute profile slope: 9 to1;
Maximum allowable velocity: 8.4 feet per second Maxieum allovable Q = 150 cfs
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
LI v o v Q ¥ 0 v qQ LI LI v o v 0 v 9 L
2B 4 35 T 42 10 48 14 54 19 &0 M 66 3N T W O THE 45 B B4
31 8 3% 12 446 1T 53 M 5% 3 &6 W T2 4 T.T & B3 TI 8.8 B
321N 40 1T 48 25 55 M 62 M 69 B T4 68 B2 ®m O BE W
33015 40 23 49 1 OST M &4 5T TA TL T8 B 8.5 105
33 18 42 8 5.0 40 5.8 B4 46 T T3 e 8.0 107
34 2 43 M 51 #8 5% &4 67 83 T4 4 8.1 12T
34 05 43 3} 62 5 40 TE 6B W OTS 120 B2 14T
34 9 43 45 527 6 60 8 68 WP T8 13T 8.3 147
34 B 43 B 52 T &1 9 &9 123 T 1S3
34 3 44 B 53 TP & 105 A7 134
34 4 44 6 5.3 BE 40 116 T.0 149
3.5 43 44 & 53 M 62 128 T.0 182
44 T2 5.3 102 &2 1%
44 T 5.3 110 4.2 141
44 83 53 1T &1 19
EE e e e e e e e e e e e e e e e
9 inches; Chute side slopes Ite 1y Chute profile slope: % to I3
Maxiwum allovable velocity: 8.4 feet per second Maximum zllowable Q = 150 cfs
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
L ¥y 0 v 0 L LI ¥ o Y 0 Yy q Y 0 v 0 ¥ q
28 5 34 8 41 12 4T 1T 53 &2 597 ¥ 64 B OTHO 47T 7.5 58 80 T
3.0 B 3.8 13 45 19 51 2 58 3Im 64 45 1.0 S 1.5 4 6.1 82
30 1’ O3LY 1B 4T 2T 54 M O61 T 4T & T3 TFO T %1 8.5 109
32 15 4.0 24 48 M 54 46 63 & 6% TE T4 T B2 1M
33 19 41 I 47 42 5T B &4 T3 OTA T2 T8 14 B4 LW
33 W 47 B 5.0 4 BB 61 &5 W T2 WP T8 1.
3.3 B 42 W 5.1 5T 59 M 4.6 9 T3 15 8.0 153
34 29 42 & 51 6 5% 87 &7 113 T4 1M
34 B 43 8 51 T 60 9T &T 126 7.5 197
34 31 43 8 52 B0 6.0 108 6.8 139
4 W 43 & 52 B8 6.0 118 &8 152
3.4 4 4.3 8T 5.2 9% 4.1 128
4 T3 5.2 103 6.0 138
44 T8 53 11 &1 149
1.4 B4 3.3 119 6.0 159
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ROCK LIMED CHUTE CAPACITY
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6-198

ROCK LINED CHUTE CAPACITY

Rock 450 size: ¥ inches; Chute side slope: 2 to 1 Chute profile sloper 10 to 13
Maximum allovable velocity: 8.4 feet per secend Maxieun allovable § = 150 cfs
d: 0.5 0.4 0.7 0.8 0.% 1.0 1.} 1.2 1.3 1.4 1.5
b v o Y o L v 0 L LI ¥ 0 v 0 Y. 1q ¥ 1 ¥ 9
2 27T 4 34 & 40 9 44 13 52 18 57 23 42 ¥ 4T B T2 43 LT 8 gl &
4 2.9 T 31 11 44 168 5.0 2 5.6 T 62 I 68 46 TH B T 68 8.4 B0 B9Y 93
6 320 11 3B OIT 446 4 53 3 55 4 66 W OTZ & 1.7 B 83 3 88 109
8 3.1 14 329 22 47 M 54 47 &1 B4 48 & T4 B3 5.0 10 84 Y
W0 3.2 1T 40 IT 48 3B 655 51 42 6 6% 8 0 T.46 W02 8.2 122
12 3.2 21 4.0 32 48 45 54 61 &3 TP T0 9 T.T 121 B4 145
14 2] L1 7 4.9 53 57 Tl &4 91 7.1 114 7.8 139 8.5 147
14 3.2 T 41 4 49 & 57 8 &5 14 T2 10 1.9 18
18 32 3 41 48 50 & 58 9 65 118 T.3 145
20 33 M 4.1 93 50 15 5.8 100 6.6 129 1.3 161
#33 W 42 B8 50 8 58 110 46 14
H33 41 42 63 50 8% 5.8 120 A4 1S4
Zé 2 &8 5.0 %7 5.9 127
i 42 T3 5.1 14 5.9 13
0 4.2 1% 5. 111 5% 149
Rock 450 size: % inches; Chute side slope: to 1; Chute profile slope: 10 ko 1;
Mazimum allovable velecity: 8.4 feet per second Maximum allovable Q = 150 cfs
d: 0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b ¥ 9 v u LI Y a LI} Y 0 ¥ 0 v a L ¥ 0 Y. o
2 24 5 33 T A9 11 45 18 50 21 56 M8 4 B &4 M O TA B OTHE & BL OTY
4 2.8 B 3.6 12 42 1B 4% 25 55 W 41 42 4.6 B3 T2 &5 TT T B2 W
6 3.0 11 AT 1T 44 3B 51 M 58 45 4 S T T TS5 8T 8.1 1M
8 3.0 14 38 23 446 W 53 M4 5% 5 646 T2 T2 B 7.8 108 8.2 129
w 3.1 18 3.9 ¥ 47 40 54 5 61 T &7 88 7.4 108 8.0 130
12 3.1 21 4.0 3 47 41 55 63 42 8 69 103 1.5 126 8.1 182
4 32 2% 4.0 3B 48 S 546 17 63 WM 7.0 118 T.8 145
14 3.2 28 4.0 43 4B &1 54 B 43 10T T0 1M T.T 184
1B 12 M 41 4B 4% &7 5T 92 &4 119 T 149
0 32 B 4l 8 4% TE 5T IR 64 I OT2 S
2 31 B’ 41 5% 4% 83 57 112 4.5 144
24 A2 41 41 4 50 91 5.8 122 45 15T
24 4.1 & 50 % 58 13
8 4.2 T4 5.0 105 5.8 141 ;
0 2 19 5.0 113 5.8 15 '
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- ’ 6-195

ROCK LINED CHUTE CAPACITY

f
N Rack 450 size: 10 inches; Chute side slope: 2t g Chute profile slope: 5 to 1;
Matieum allowable velocity: 8.8 feet per second Maxisum allowable O = 160 cfs
ds 0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b v o0 v o v 0 v 10 v 0 v 0 v 0 v o Yy 0 v 0 vV 0
7 3.4 5 44 B B2 12 &0 1T 68 ZTW T4 W 83 B
4 37 9 48 15 5T 22 44 3 75 3 823 W %l &
& 3.9 14 50 2 &0 W &Y £ O THY W LT T
4 4.0 18 51 28 &1 4 T4 55 81 TI %0 90
w40 2 52 B 63 W 1D &8 8.3 48
12 &0 26 52 41" 63 59 7.4 80 8.4 104
14 41 3 53 48 &4 & T8 F3 0 85 121 _
16 41 3/ 63 B 65 19 T.5 106 86 137 s
B A1 B 53 &2 65 8 T8 1986 IS
0 4.2 44 5.4 6 65 98 T4 1% Ao
7 &2 48 B4 TS &4 1T T.T 145
24 4,2 B2 5.4 B2 &6 T 7.7 158
2 5.4 B? .6 12T
2 5.4 95 6.6 138
! G4 102 6.6 146
Rock d50 size: 10 inches; - Chute side slope: Jte 1; ; Chute profile slopes  S-to 13
(‘ Miximum allowable velocity: 8.8 feet per second Maximum allowzble § = 150 cfs
d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b v ¥ ouQ Vv q v o v o Y 0 v Q v Vv Q Vv 0Q v 0
? 33 & 42 10 60 18 59 - &7 ® T4 3T 82 48 B9 &0
4 346 10 46 & 55 M 64 FT T3 44 8.1 B 88 T
6 3.8 M4 48 23 58 I LT 45 T8 &0 85 T4
9 A% 1B 50 B &0 4 T 58 T.9 Te 8B 9
9 490 23 61 ¥ 61 B T4 T 81 #®

12 40 27T 6.1 43 42 &1 1.2 8 8.2 109

14 40 31 52 4 63 T T3 9% 8.3 125
16 41 ¥ 52 % 63 B0 T4 109 B4 14
13 41 4 53 £ £4 W TS5 122 85 158
0 41 44 53 8 64 ¥ 1.5 135

241 4 53 Té 65 W9 T4 14T
24 41 5 53 83 6.5 119 T.6 180

i 5.4 0 6.5 128
28 5.4 % 6.5 138
] e B 13 A6 14T
Figure IN-6-9 - Rock Lined Chute Capacity
' Sheet 37 of 54

(EFM Notice IN-53, November 1989)



Rock 450 size: 10 inches; Chute side slopes Zto 1; Chute profile sloper & to 13
Maximum aflowable velocity: 8.8 feet per second Maximum allowable § = 150 cfs

d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.5
b ¥ 0 v 0 L v o0 LA L v i v Q v q L LI
2 31 5 40 8 48 11 55 16 &2 U &9 @ T4 B 82 £ 88 B

4 34 9 43 14 52 20 40 2T 4B B OTH 45 83 5 5.0 &

& 35 12 45 W 55 8 43 ¥ T.Z B B0 & 8T T7

8 34 16 46 2 5.6 I &5 B0 TAH &5 82 82 7.0 101

1 3T A 4T X 5T & 47 & T4 8 0 B4 101

12 7T M 48 ¥ 58 5 6T T2 OTT 5 8.4 120

4 2.7 28 48 M4 58 63 68 8 1.8 110 8.7 13

16 3.8 32 49 5 5% T2 &% W T.8 125 8T 157

18 38 ¥ 49 B 5% Bl &% 107 T.% 14

0 3.8 40 4F 62 60 B TN 120 T 156

22 3.8 M4 4% B 60 92 T 1R

4 38 48 49 560 MT TN 144

Z6 : 5.0 81 &0 116 7. 1%

m 50 8T 6.0 124

30 50 93 6.1 133
il dddtard bttt ibrdd it biratteatirtir oot tittpaadadtbirbtpradbtbrastiboditiodbbnatiadiiaddls EREE EENSNEY EEN TRy '
Rock d50 sizet 10 .inches; Chute side slope: Ite iz Chute profile slopez & to 15

Mitimum allovable velocitys 8.8 feet per second Maximum allowable Q = 150 cfs

d: 0.5. 0.4 0.7 0.8 0.7 1.0 1.1 1.2 1.3 1.4 1.5
b V. q v oo Y u v o v 1 v Q v 0 vy 0 v 0 v 0 LA
2 30 5 3% 9 AT 13 54 19 &1 26 4.8 W OT4 43 81 S 8T &7

4 2,3 9 42 15 851 22 59 M &6 4 T4 Bl B E5 BT 8O0

6 35 13 44 2 53 W 62 41 THO W OTT TO 85 &

8 35 IT 45 21 55 3 63 51 1.2 69 8.0 8 8.8 109

10 348 21 46 1B 56 AT 65 M T4 8 B2 104

12 37T 25 47 3 5T 5 646 T6 TS5 9 8.3 15

H 2T & 4T 45 5T &6 6T B T.6 114 8.5 144

14 27 33 48 5 58 713 48 9 .7 129 8.4 14

B 3T 3 4.8 6 5.8 8 48 111 T.7 14

20 3.8 40 48 & 5% 9 49 123 0T.B 159

2B M A4 &% 57 100 &9 135

24 2.8 43 47 TE& BT 1B AT 145

26 49 8 40 UT 7.0 158

28 4.9 8B 6.0 124

30 49 M A0 135

ROCK LIMED CHUTE CAPACITY
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ROCK LIMNED CHUTE CAPACITY

6-201

10 inches; Chute side slope: 2t l; Chute profile stoper 7 to 1;
Maximum 3llovable velecity: 8.8 feet per second Maximum allovable O = 150 cfs
0.6 0.7 0.8 0.% 1.0 1.1 1.2 1.3 1.4 1.5
L v o0 v q LI} LI LI v 1 Vo v LI
3T T 44 11 51 15 5.8 20 4.4 2 T W T4 M B2 4 BT W
40 13 48 18 56 ¥ 63 B OTHO £ 7T W B3 M4 8% T %5 9
42 18 51 % 59 ¥ 64 4T T4 5 81 T3 88 £
43 M 52 M 40 4 68 &0 T TE B4 W 9.0 13
44 29 653 £ 42 8 TH0 T4 T8 53 8.4 115 )
44 B 54 B g2 8 7.0 88 T.9 111 8.7 136
4.5 41 54 58 &3 TP T.Z 12 8.0 128 8.8 15T
4.5 4 55 & L4 % T3 116 8.0 148
4.5 8 55 T &4 1001 7.3 1320 8.2 163
45 B8 65 82 &5 112 TA4 144
46 6 65 %1 &5 12 T4 158
L6 69 Hae %9 L5 113
4.6 T5 5.6 10T 65 1M
4.6 81 5.6 115 &6 155
4.6 B 5.8 123
t‘-‘“:::.:.t‘.”.’!‘!_.—l.!!:!!=I=!===1=====::-=:'=‘“!.!’nu!="-—----1-1---.*-—-ji---ll--ll ¥ EEEEEEETEEREEYE == ..,..| ESESEEr ;
10 inches;. Chute side slope: It 1; Chute profile slope: 7 to 1;
Maximum allovable velocity: 8.8 feet per second Maximum allovable Q = 150 cfs
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
¥ 0 v 0 L Vo0 ¥ q Yy o v o v a LI L
36 8 43 12 50 18 5.6 24 63 A 69 4 T5 W 81 & 8.6 T5
9 M 4T 20 54 2 61 3T 68 8 T5 &0 8.1 ™ 8T &
41 19 &Y 1B 5T B &4 B T2 & 7.2 20 85 9
4.2 % 51 X 5% 49 4T M T4 B 81 101 8.8 113
43 30 52 M4 40 B 6B TR T8 9 8.3 122
43 3% B2 S 61 T0 4% 2 LT M6 85 43
44 42 53 60 &2 Bl T.0 1064 T.8B 133 B 164
44 4T 54 68 L3 2 7. 120 T.9 151
45 53 B4 T8 43 103 T2 1M
4.5 6 6.4 B4 53 14 T.7 148
45 4 55 ® &4 1585 T 182
45 10 55 1M &4 138
45 T6 5.5 108 &4 146
45 81 55 116 &5 19
.4 87 55 125
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6-202

ROCK LINED CHUTE CAPACITY i
Rock 450 size: 10 inches) Chute side slope: 2 to 1; Chute profile sleper 8 to 13
Miximus affowable velocity: 8.8 feet per second Maximum 3llowable = 150 cfs
L 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b v 0 L ¥ oo Y 9 v oq v 0 Vv o Vv o9 LI v q v Q
2 LT 4 34 T 41 10 48 14 54 18 &0 4 446 W OTA 3 T4 4 B2 B 8T &5
4 30 7T 38 I &S IT 52 R O5F N 68 W OTZ 4 TE & B4 T2 8% 5 9.5 99
& 3.1 11 A% T AT M4 55 33 62 M 69 B T4 & BI B 88 9
g 31 M 40 2 4.9 R be 43 &4 B T OTI O T.E B85 104
10 3.2 18 41 2T 4% 3 58 53 45 & T3 8T 8.0 10T BT 19
12 3.2 21 41 33 50 4T 5.8 64 6.4 8 T4 104 8.1 12T 8.8 1S3
4 32 2 42 ¥ 61 B 69 T4 4T % 1.5 10 8.3 147
16 3.3 8 42 43 51 6 60 B84 &8 109 TS5 135 8.3 167
18 33 3N 47 49 51 TO &0 94 &8 122 T4 1S3 ;
0 33 B 42 B 52 T L0 1M &9 1B
22 33 B 43 5 52 85 4.0 114 6.9 148
24 33 41 43 & 52 2 A1 129 4% 181
24 - 43 T0 5.2 100 60 135
g 43 15 5.2 108 &1 145
30 4.3 81 52 115 6.1 155
=='=====================h=======ii'ﬂ"l=ll'l!!!!====-".-.'-=."-."—‘.-==::====::::::i:§=:::==::::::n:!'ﬂ'“'-' ==22 SSS==ss E=EEEEET
Rock d50 size: 10 inches; i Chute side slope: 3to 1 Chute profile sloper 8 to 1
Mazimum allovable velocity: 6.8 feet per second ) ' Maximum allovable § = 150 cfs
LE 0.5 0.4 0.7 0.8 0.7 1.0 1.1 1.2 1.3 1.4 1.5
b v o v 0 ¥ q v o v 0 vy qQ v oo v o vy 0 v 4 v 0
2 246 5 34 3 40 12 4T M6 B3 22 59 29 &4 3B OO0 AT TS BB B0 TO 8.4 B4
£ 29 8B 24 13 44 17 51 B BT B/ &4 45 T0 56 T 69 B B BT 100 ’
6 30 11 3.8 18 446 26 53 3 L0 4T 6T 60 T3 TP 80 92 8.5 110
8 31 15 39 23 AT 33 55 M6 462 D &9 T T4 94 B2 115 89 1T
0 31 18 40 2B 4.8 4 546 % &4 T3 OTA 92 T8 14 84 13
12 032 21 41 M 49 48 BT & 65 B T2 I8 7.9 133 8.4 161
4 22 5 41 ¥ 50 5 58 764 4.4 99 T3 175 8.1 15 .
16 32 28 4.1 #4 50 & 58 8 4.6 112 7.4 14
18 32 37 42 % 51 T 59 9% &7 15 T.5 I8
2 33 W/ 42 B B TP 59 106 &8 128
¥ 33 W 42 &0 51 BS 6.0 1T &8 151
24 3.3 42 42 &5 51 M 60 127
26 42 T 52 11 &0 13T
Fit 4.3 T 5.2 109 6.1 14T
0. - 43 8 5.2 11T 6.1 157
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' ey g Rock 450 size:

. 6-203

ROCK LIMED CHUTE CAPACITY i

L

10 inches; Chute side slope: Ztol; Chute profile slope: 9 to 1y
Waximem allovable velocityr 8.8 Feet per second Maximm aflovable Q= 150 cfs
d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b V¥ 0 L] ¥ 0 Yy q LI Yy qQ Y 0 Yy 0 ¥ 0 ¥ 0 Yy 0
2 24 4 32 6 XY 9 45 13 51 AT 546 1 42 T &T B T2 4 T.'-'. 522 8.2 4
4 2.8 T 35 11 4.3 18 49 - 5.6 ¥ 62 A/ LB M T3 B TS & 8.4 80 BY 4
6 2.9 10 3T 1§ 45 23 52 31 59 4 65 B T W T.T 18 83 T3 87 109
B 30 13 38 2 446 X 53 M &0 5 OET & T4 82 80 10 8.4 119
10 3.0 17T 3.9 26 4T 31 .54 B0 &% & 6.9 32 .5 101 8.2 12 8.8 14
12 20 20 3.9 31 47 4 55 60 463 T8 T.0 98 N7 120 B3 1M
14 31 23 3.9 ¥ 48 5 54 TO &3 %W T 113 0T.8 137 85 14
16 31 2 4.0 41 48 5 54 T9 64 12 T 129 T2 IW
18 31 7 4.0 4 48 &6 5T 87 64 115 T2 1M
20 31 3\ 40 51 4% T3 5T ¥ &5 121 T.2 159
22 31 ¥ 40 B 4% 80 5T 108 65 140
2 3.1 40 61 49 8T 57 118 6.5 1B
26 4.0 & 4.5 ™ 58 12T
Fi:] 41 TI 4% 102 5.8 137
0 41 T6 4.9 109 5.8 146
EEE =3 =I._. =3 3 == sErEmsmw EEEmmm mmmE 2 TEEENEEEEETENEEEY
Rock 450 size: 10 inchesy. Chute side slope: 3ty Chute profile slope: 9 to 1;
Maxinon. 2l lowable velocity:. 8.8 feet per second “Maxtwym altowable Q= 150 cfs '
d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b Yy o v 9 v o v @ v 1 Y 1 ¥ 40 v 4 v o L y
2 %5 4 A2 3.8 11 44 15 50 2 56 28 61 B L4 M T FBOTAE & 8 TY
4 27 T 34 12 41 1B 4B 25 54 W 60 42 66 53 TN 65 7 79 82 9 &7 1N
6 28 11 36 IT 43 7 50 M 5T 44 63 B 495 N 15 8 8.0 14 8.6 123
g8 2.9 H__: 39 LT 3 62 4 59 6 &5 72 1.2 89 1.8 18 83 129 .
0 2.y l'l_’l 8 T 46 ¥ 53 B3 40 49 4T BT T3 AOT B0 130 8.4 IS5 '
12 3.0 20 3.8 W 4.6 4 54 £ 6.1 8 &8 102 1.5 1% 8l 182
4 30 23 39 3 4T 83 55 M &2 T3 47 NNT  T.6 144
16 2.0 21 3.9 4 4T & 55 € 63 105 71.0 133 1.7 183
12 31 30 3.9 47 48 & 54 91 63 118 T. 148
20 31 3 40 52 48 T4 5.4 100 6.4 130 T 164
31l X 40 5T 48 Bl 5.4 110 4.4 143
24 31 ¥ 40 & 48 BB BT 120 &4 |55
26 4.0 &7 4.9 W 5T 129
i 4.0 T2 4% W03 57 139
4.0 T 4% 110 5.7 148
Figure IN-6-9 - Rock Lined Chute Capagity
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6-204

RIOCK. LEI‘EI]' CHUTE CAPACITY i

Rock d50 size: 10 inches; Chute side slope: Zto 1 Chute profite stoper 10 te 1;
Maximem allowable velocity: 8.8 feet per second Maximum Ellmﬂbh 0= 150 cfs
LE 0.5 0.6 0.7 0.8 0.7 1.0 1.1 1.2 1,3 14 1.5
b v a v q LA ¥ q LI v 0 v 0 L v q v Q L
2 24 4 31 6 3T 9 43 12 48 1T 54 21 5% T 64 M 48 41 T3 4 T8 B8
4 246 T 34 10 40 15 AT N1 53 M 59 B 44 44 70 53 75 &4 8.0 TE 85 BY
6 LT 10 A5 15 42 22 49 0 G4 I 62 & &8 6 T3 T T B B4 1M BY 120
g 2.8 13 34 20 43 ¥ 51 W 57T B &4 & T0 TR T4 95 82 112 8T IR
0 2.8 & AT 5% 44 W 52 48 58 £ 45 1T T2 % 1.8 ll& 84 13T 89 140
12 29 19 LT 7 A5 42 62 O 5% T4 &4 93 T3 14 T.9 13T B85 &2
4 29 22 AT M A5 47 53 &6 &0 85 AT 10T T4 13 8.0 198
14 29 & 38 3 446 5 65I T 41 9T &8 122 7.5 149
19 2.9 28 3.8 44 446 62 54 B4 40 107 68 17T 1.5 14
20 2.9 3 38 48 44 47 B4 93 42 121 6.9 151
30 M 38 5 44 TE& B4 12 62 132
4 30 I 38 58 AT B2 B4 N2 LT 14
28 .8 8 47T % 55 121 &2 15
28 3.8 T 4T W 55 130
30 9 T 4T 102 55 139
= SEEEE .--..--c.===::=:tI:trt-::::I'I‘.'ttt::l'Ir:l:I'.I:tll:l'l'l:l::u!:l'll:l!l!1:r:zz!:!::l:I:l:::!:l:l1:|:l'r::!n:!!nl::!i!n:mll!:::=:=:
Rock d50 sizer . 10 inches; Chute side slope: 3 te 1y Chate profile slopez 10 to l;:
Maxisua allovable velocity: 8.8 feet per second ¥ Maximum 2llovable @ = 150 cfs
LE 0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 13 1.4 1.5
b v o v 0 v 0 v 0 v 0 v 0 L TR R L vou L
2 24 4 20 T 36 W A2 15 AT 2 53 24 5.8 M 43 42 4T B T2 & N1 TS
4 246 T 33 11 39 1T 45 23 51 M BT 40 62 S0 4B €2 T3 TS5 7.8 -89 6.3 105
6 207 10 34 18 41 23 48 R 54 42 50 B 646 4T T w2 e " B2 T &7 .IW
8 a1 13 035 21 42 M 49 41 B4 B 62 68 6B B4 T4 103 TR 123 85 144
10 28 14 36 B 43 I 50 5 5T 66 43 8 T.0 102 T.6 123 8.1 W47 8T T3
12 2.8 19 34 3 44 4351 59 58 T 45 9. Ta 119 TT 1M 83 1M
W 2y 22 37 B 44 50 52 & 5% B8 &4 I T2 I T8 IS
16 2.9 25 3.7 40 45 51 52 TT. 5.9 100 4.4 12 1.3 19
8 29 28 T H 45 &4 53 8 &0 112 47 141
20 2% AN AT & 45 T 58 9 40 123 4T IS

2 2.9 M 3B OB 44 T 5I IM 41 1B

24 2.9 I 38 B 44 B G4 13 A 14T
26 3.8 6 46 71 54 123 6.1 159
28 .8 &8 46 9T 5.4 132
n 38 T3 44 14 54 W4
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6-205
I

g\ ROCK LINED CHUTE CAPACITY
5t
Rock d59 size: 11 inches; Chute side sloper 2 to 1} Chute prefile sloper 6 to 1
Muximom allovable velocity: .2 feet per second Maximm allovable @ = 150 cfs
d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 " 1.5
] y 0 Yy q ¥ o v q L LI ¥y 0 Yy Y 0 Yy 0 ¥ 0
2 a1l 5 40 £8 12 5.4 f& 64 22 TA OB 19 3% 85 K5 9.2 %5
4 34 8 44 3 20 &2 28 0 3T T.B AT B4 5P 9.3 T2 100 BS
6 35 12 &é 55 29 65 3 T4 W B2 & 9.0 B2
8 3.4 16 4T T T &7 9B 1.6 6T 8.5 85 9.4 105
10 3.4 20 AT 58 4 468 63 T.8 83 8T 1M

B T &9 T T.9 9 8.8 1M
59 &4 T.0 BT 80 14 8.9 143
60 T T0 % B 129 9.0 183
6.0 8 7. 111 8.1 145
6.1 %1 7.4 123 8,2 160

12 37T MU 4.8
4 37 8 4.8
16 37T R’ 49
18 37 3% 49
20 3.8 3 L9

9828 HKMREZa

Z 38 41 50 & &1 10 T2 135
24 38 41 60 TS 40 1P T2 M4T

26 50 8l &1 NT T2 159

i 50 BT 4.1 128

i) 50 M 62 15

) ::::llli‘l‘-‘t:!:"tll‘:l::F#.‘:l#l:l*ill:-t:::'l:‘ll::‘::?:i*II‘!:‘III“‘::E‘I‘:‘?f::I‘:::ﬁF:__::It::tﬁl‘:::ﬂ::‘_—“:t:::- :::mﬂtm:?‘:iﬂt:‘:::::‘i:‘it:;::::::::
Rock ¢50 sfze: - 1] inches; -~ Chute side slope: Ite 1 BE B Chute profile slepe: 5 to 1
Maximum allovable velocity: 9.2 feet per second Haximm allovable @ = 150 ifs

& 05 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4 1.5
b v 0 v 0 v q vy 0 v 0 ¥ 0 L L ¥ 0Q ¥ 0 ¥y 0
2 30 5 39: 9 AT M, 55 19 63 .21 T7.0.3 77 45 8456 91 70 :

4 33 9 42 15 50 2 6.0 3 68 41 T4 53 B4 67 9.1 8 o
& 4 13 44 02 5.4 31 63 4 T.2 B 80 T2 8.8 W

B 25 1 44 2T 5463 45 .54 T4 TH B3 ft 9.4 113

0w 3.6 2 46 33 5T 4 446 & T4 BT A5 11D

12 3.6 M 4T ¥ 8.8 .ﬂ 6.8.- T T.7. 102 8.4 129

4 3.7 28 48 45 58 & 68 W 7.8 UT. 8.F 49 :

16 37 = 4.8 §1 5% 15 &% 102 1.9 133 .8.8 168

12 LT ¥ 48 58 59 822 7.0 14 8.0 148 :

0 2T 40 49 M &0 92 T 126 B.D 154

2 3T H 4y T &0 101 1.1 138

M 3T 48 4% T& &0 10 T.1 190

24 49 ® 6.0 119 T.1 182

28 4% B 6.1 128

30 5.0 %5 &1 137
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6-206

¢ ROCK LINED CHUTE CAPACITY

Rock 450 sizet 11 inches; Chute side slopes gtol; Chute profile slope: & to I; i
Maximum allovable velocity: 9.2 feet per second : Maximom allowgble § = 150 cfs
ds 0.5 0.4 0.7 0.8 0.7 1.0 1.1 1.2 1.3 .4 1.5 K
b v.o v @ v @ VvV Q@ ¥ @ VvV o Yo Yy Qo Vvao Vo Vv
z 28 4 37 T 44 11 512 15 59 N &5 B T2 B 1.8 - 4 84 5 7.0 &0
d 31 8 4.0 12 48 18 5.6 I/ &4 B T.I 2 7.8 53 85 &6 9.2 T .8 93
& 32 1 42 18 51 2 5% ¥ &T 4 1.5 &0 83 T4 ¥O0 M F.0 102
8 33 15 43 M 52 M &1 4T &% 61 - T8 T8 85 % 9.3 11
10 33 18 43 9 53 £ 62 58 T4 -7 1% %% 8T 117

12 34 22 44 B 54 B0 63 & T2 8 8.1 113 8.5 139

14 34 2% 4.4 40 54 58 &4 80 7.3 104 8.2 131 9.0 181

16 34 2% 45 4 55 4T &4 91 T4 1B 82 18

18 3.4 3 45 5 55 T8 &5 102 T4 1% 8.3 &

-0 34 B 45 5 55 & 45 113 7.5 14

22 34 40 4.5 63 56 T &5 124 7.5 14

035 43 45 49 B4 T A4 15

26 45 T4 5.6 10T 6.6 144

Fi:| 4.6 90 5.6 115 6.6 15T

20 46 8 5.6 1233
_l:l:l:ll!?u:gl:|:IEll:l'I:I:_l.IItt:;t:t.:1ﬁ_tﬂlt::1.:'::t=#;It:::::ﬂ'::llIﬂ|::i:I'Iililtttlﬂ:lt.r.I:l:l:Illl:r:l:lll:rtlI!:r;IIIl:l'l:|:|:l:l:l:.:ml::fll;:l::tlfrtllh:::tl
Rock 450 size: - 11 inches; © Chute side slopes 3 to |3 - “Chute profile sloper 6 te 1y

Maxinam allovable velocitys 9.2 feet per second : i Maximum allevable Q = 150 cfs ‘

& 05 0.6 0T 08 09 .0 EETE ¥ 13 415 g
by Y Qo v.oQ Yo va vYae Voo vae ¥vao voao vog Voo

2 28 5 36 B 43 12 50 18 57 24 64 R -TH 4. T,0 8 83 &4 89 TN

4 30 B8 39 13 AT 20 55 2 4.2 W/ 69 4 T4 61 B3 T BY 92

6 A1 12 40 19 49 B 5T ¥ 45 5 T3 & 8.0 B - 8T 100

g 3.2 15 42 M 50 5.,5_: 4 68 &6 T.5 83 83 W03 9.0 126 -

1 33 19 42 0 52 M4 &1 60 &9 T9 1.7 100 - 851240 9.3.151-

12 033 2 43 ¥ 53 % 2 T 10 T T.9 18 8.7 14¢

14 3.3 2 44 4 5.3 _f-ﬂ' 62 8 T4 10T 8.0 13 8,8 147

16 34 29 44 4T 54 68 L3 | L2 11 81 183

18 34 33 44 52 54 T4 &4 I T 1M '

20 34 ¥ 44 W 54 M L4 115 T3 1% e

2 34 M0 A5 6 55 2 64 126 T4 164

4 34 4 45 &7 55 100 &5 1FT

i 45 T 55 109 4.5 148

8 4.5 8l 5.5 T &5 159

K] 4.5 B 5.6 175
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6-207

ROCK LINED CHUTE CAPACITY

Rock €50 size: 11 inches; Chute side sloper 2 %o I} Chute profile sloper T &p 13
‘Maximum alloyable velocity: 9.2 feet per second ' Maximus alfovable @ = 150 cfs’
g 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1,3 1.4 1.5
b vy ¢ VvV o Y o v @ Y. o ¥ ¢ ¥ o ¥ o V.o vaeo Vv
7 2.6 4 34 6 41 10 48 14 54 19 60 A 66 AU T2 B TB 4 83 B BB &
4 38 T 37 12 45 1T 52 23 59 31 66 0 T3 S0 T &l 85 T3 9.1 8 R4 101
6 30 10 38 1T AT M 55 33 62 4 T.0 6 T4 6 83 84 9.0 100 9.6 118
Y8 3.0 M4 39 2 48 ! 5.6 43 64 5 T2 T2 TP 8 8.6 0T 9.3 18
10 21 17 La 2T 49 ¥ 58 51 66 T0 T.3 88 ‘8.1 107 88 131 '
2 31 20 41 B 50 4 58 6 &7 8 T5 105 87 129 9.0 15
4 31 23 41 3T 5.0 54 59 T4 6T 9 T.6 12 8.3 149
16 32 21 41 43 B0 6 60 B4 68 109 T.6 13T 8.4 149
18 2.2 0 42 48 51 6 60 9 69 12 T.7 IS4
20 3.2 T 42 53 51 T 60 104 6PN
22 32 W 42 58 B B4 60 1M 49 149
MO%T A0 42 6 5.2 9 61 125 7.0 162
2% .2 & 52 99 61 135 .
78 42 ™ 5.2 10T 61 145
30 42 19 52 14 6.1 155 )
-.!'I*l!l'l-'l.'l‘tl‘:='-=-“==!ll'l!lmll‘lh:ﬂr-,E?:E!::!L:l--- -----------.r...-..-. Rl T= sEEsfEgIsTEssEREs zzE==zas:
Rock 450 size: 11 inches; _ Chute side 5Iopl. 3tel; Chutf profile siopes Th l; o
xnuim I.HWI.hll ﬂmlt\r 9,2 feet prr second : “Maximm '“ﬂ'ﬁiltl}q 150 efs
¢ 05 0 0.7 0.8 0.9 1.0 X 2 13 1.4 1.5
b v 0. Y Q Y o Y Q ¥ o Yo ¥ ¥vo_ Vo ¥Y.o. Vo
2 25 4 .33 °B 40 11 47 16 53 2 59 N 65 B T4 4 LT 5 87 T 8.8 8
4728 08 26 12 43 19 51 26 58 /.64 465 LIS T7T 0 .83 85 89 IR S
6 T M AT 18 48 2 53 % 6 4T 6T 61 T4 T6 81 9 8T 12 9.3 13
8 Y30 14 ‘39 23 4T B 55 46 63 &0 T.0 T LT 5 8.3 16 9.0 13 ,
1930 1T 43 78 48 L 56 8 64 T3 T W79 1S g6 M0 9.2 wT o .
1231 21 40 B/ 49 48 5T f5 65 8 T3 109 8.0 13 BT 1M
M1 2 40 3| 49 B 58 T 66 99 TM 126 B 15 *
16 3.0 21 41 43 50 63 58 8 6T Y2 .5 I '
19 31 W 41 49 50 T0. 59 9% &7 125 1.5 158
20 21 W 41 S4 5.0 78 59 108 6.8 1% ' _
22 %2 9 41 5 51 8 &0 116 6.8 152
24 3.2 40 41 &4 51 93 60 127
2 42 69 5.1 100 6.0 137
28 42 T5 5.0 108 60 14T
<) 42 80 5.1 1§ 6.1 157
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Rock d50 sizes

11 inchesy Chute side slope; 2t 1y Chute profile stope; 8 to 1
Muximum allowable velocitys 9.2 Teet per second Faximm allovable Q = 150 cfs
0.5 0.6 0.7 T 0.8 0,9 1.0 1.} 1.2 1.3 1,4 1.5
Y o v o v o Yo Yo vao vQo Ve Ve ¥voao v
25 4 32 6 28 9 45 13 51 IT 5.6 23 62 29 6T ¥ 13 4 18 ® : §.3 &
20 1 35 11 42 16 49 2 546 29 62 37 68 4 T4 S5 19 6 85 Bl 9.0 95
28 10 3.6 16 44 23 5.1 3 58 4 65 52 T2 6 .8 T8 8.4 %4 9.0 110 95 1%
28 13 3.7 20 45 N 53 4 60 53 67 & 7.4 83 8.0 100 87 120 9.3 140
29 16 3.8 5 46 M 54 B0 41 65 45 B T.6 102 8.2 123 8.9
29 19 38 N 46 M4 55 5 62 M T0 % T 120 8.4 15 9.1 172
29 22 38 3B 47 51 55 & &3 W T4 13- T8 13 85 188 :
29 25 3.9 40 4T B 546 T8 44 W02 T4 129 1.9 18
3.0 28 3.9 45 48 65 5.6 B3 64 114 T2 144
3.0 3 39 S0 4B T7 546 9T &5 12T T3 140
30 M 29 S 48 T9 5T 10T 45 139
20 3 39 59 4.8 8 5T 1T &5 151 }
3.9 64 48 73 5T 12 ¢
.7 8 4% 10 5T 1%
40 T4 49 T 5T M5 ’
.::l1:ll:rl:l;1'l'IIl:l:n:lI;t:Iﬁt:ttltIl1i—l:t'.t:h:l'h‘-tﬂtl::q::::-t‘t:::ﬂ:ltltftlttt:m':n::nrl:I:l:l:l:l:lI:lt.r:t::It:ﬂnlq;'rﬂ:Is;llitrgﬁ:th:ll'" 2
11 inches) Chute side slope: 3 to Ij Ehate. pra!nlf slepey - 8 o Iy
Mainun ﬂlmhh veletitys 9. 2 Feet ;rrr second Kuximum allovable & = 150 efs
0.5 " 0.6 0.7 0.8 IﬁJ 1.0 1.1 1.2 1.3 14 1.5
Yoo Y Q@ Yo Voo Vo Vg vao voo yog vo voa
T4 4T AT M A4 15 S0 2 55 7 6l % 46 45 T2 B 17 6 8.2 8
26 T 33 12 41 1T AT M 54 2 60 £ 486 B Lz_g 1.7 19 83 % 88 112
LT w35 ¥ 43 U 50 ;! ST M L3 W &Y T OTS 8.1 105 8.7 124 9.2 145
28 13 36 U 44 N 50 43 58 5 65 T2 T2 89 . TB19 8.4 130 9.0 154
2.8 1 37 45 WM 53 8 4.0 63 47 BT T4 10R B0 131 BE 154
29 19 3T N 46 5 5.3 & 61 B 68 102 T8 1% 82 153 :
29 7 38 % 46 R 54 T 42 W69 UT T 145 '
29 25 3.8 4 4T 5 55 8 42 105 1.0 1@ T 144
29 % 3.8 45 4T & 55 90 &3 1T T 148
29 ¥ 38 B 4T T 55 99 632 130 T 14
30 0F 39 OB AT 80 5.6 109 &4 142
3.0 3 39 &0 4B & 56 13 4.4 154
2.9 &5 4.8 M 5.4 128
3.9 70 48 101 5.7 1
3.9 5 4.8 5.1 147

Rock 450 sizer

L

108
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ROCK LINED CHUTE CAPACITY

Rock 450 size: . 11 inches; Chute side slope: Z tol;
Maximum allovable:velocity: 9.2 feel per second
d: 0.6 0,6 0.7 0.8 0.9 4.0 1.1
b Yy 0 v o v 0 vy 0 ¥ q v 0 v
2 23 .3 30 & 36 ? 42 127 48 18 53 U 5 U
-4, 25 6 33 100 -39 15 46 2 5,2 2T B8 B b4 #H
6: 2.6 .9 34 15 41 21 48 W 5.§ » 61 & 6T &
8. 27 12 35 ¥ 42 28 50 ¥ ST % 43 63 T0 TR
10 2.7 15 . 3.5 24 43 ¥ 5.1 4 58 & 65 MW T4 %
12 27 18 3.6 I8 44 4 51 B 5% T 446 % 1.3 113
4 2.8 21 3.6 33 4.4 48 52 & 4.0 F5 AT T T4 13
16 2.8 M 3.4 3| 45 54 5.3 T4 &0 96 . 6.7 121 T4 149
18 2.8 T 3.7 42 4.5 &1 5.3 8 6.1 108 6.3::.-_:136 T.5 187
0 2.8 29 3T AT 45 & 53 92 &4 119 8 1W
22 28 2 3T Sl 45 T4 53 100 4.1 13
4 2.8 F®m 3T S 45 81 6.4 110 4.0 143
26 3.7 61 44 88 5.4 117 4.2 1M
28 3. & 46 ™ 64 118
k1] LT T 44 101 B4 O1F
FETIIIAETREISIEEIRSISISITIETRaiTaESsIissasiisysssssssssssssaseas :
Rock 450 sige: ., 11 inches; ... Chute side slope: ER BT
L J!.uilp allmu welocitys - 9,2 Teet per second
¢ 05 ;06 0T 08 09 1.0 R
:b ¢y T:.0,. vV 0 Y- ¢. v-u@ y 0 'f 6. ¥ 1
o 2l 'I.-_'l 2873510 41 W4T 2 B2 B 58 M
A28 T .32 1138 36 A5 B .81 5T 4 62 %
w6 -25.10-33 15 40 2347 2 53 & 60 M. 435 @
- II.Z 34 20 - 41 29 4B 40 55 5 62 £3 4.8 B4
10 27 15, 3.5 .25 42 3 . 5.0 49 56 & 43 ®m 69 102
12 2.7 18 35 29 43 42 . 5.0 88 . 5T 7& 44 W& T 119
W 2.7 a 6 W 43 .9 51 & 5.8 B p,ﬁ 11 . 1.2 131
16 2.7 24 3.4 B 44 B 52 T 5% 9 44 15 1.3 1M
18 2.8 21 3.4 42 4% 82 N2 8 .59 111 . 69 140 .
20 2.8 30 36 4T 44 & 52 M 6.0 122 4.7 154
&z 2.8 3\ 346 B A5 TS 5.3 103 6.0 I
M OZB .M 3T ST 45 8 53 U 6] 45
2 T 6l 45 8 5.3 121 g.1 197
28 3.7 & 45 95 53 130
3 T T 45 102 5.3 13

Figure IN-6-9

i
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Chute prefile slopes 9 1o 1g.
Hpiml 1I|mblql|] = |60 cfs
1.2 1.2 1.4 1.5
Yy q Yy 0 ¥y 1 Yy 0
64 M 69 41 T3 O T8 P
7.0 52 1.5 &4 80 T6 BS5 €9
7.2 ™ 7.9 88 84 14 920 12
T.6 9 8.2 113 8.8 132 9.3 154
T.8 He B.A4.137 9.0 161 -
7.9 137 8.5 162
g.0 1%8
TIIIILTTTSTINTELY
Chute prefile sloper .. 94913
Waxipm z]lovable .5 150 cfs
1.z 1.3 14 1.5
Vv 4 LA | V. 19 v 4
43 42 68 8 - 13 -6 T3 73
68 & 13 75 18 8.3 106
.1 &/ T.T % %I 117 8.7 137
7.4 103 7.9 123 . 85 M5 - 9.0 169
J.6 123 0 8.1 CHT O T 173 -
T M 83 112 ...
1.8 165 AR

Rouk_Lined Chute Capacity
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6-210

i sy
ROCK LINED CHUTE CAPACITY

it

Rock 430 size: 11 fnches; Chute side slope: 2 to 1 Chute profile sloper 10 to 1;
Maximm allovable velocity: 9.2 Teet per second Maxisum allovabie Q = 150 H?
d: 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b Yy ¢ v o. v Q0 v.- Q- Vv @ vV @ ¥V q Yy o ¥-aq: v B9 Voo
Z 22 3 28 5 34 8 490712 45 16 5.1 20 5.4 286 60 3} 45 3 V.0 4T T4 B4
4 24 & 3010 3T M4 44 NN 50 26 55 ¥ 61 41 66 8 O TA &1 T T2 O B.1 OB
& 25 9 32 14 39 XN 446 ®W 52 31 58 47 44 8 TO0 T T.5 84 B0 T BO5 15
gf 25 11 3.3 18: 4.0 27 4T 3 54 4T B0 &0 46 T4 T2 %O T.B 1T B3 126 8.8 _H&
10 2.6 14 34 23 41 T 48 45 55 5 41 T4 48 91 T4 110 B0 120 85 153 %) N7
12 2.4 IT 3.4 2T 4.2 3 49 53 5.4 69 6.2 87T 4.9 108° T.5 130 B.]1 154
4 2.6 20 3.4 3 42 45 4% 62 H.6 B 63 101 T.0 124 T 1D
16 2.6 22 35 ¥ 42 5 50 T0 57 71 6.4 1% T4 41 T.T 100
1@ 246 % 35 40 43 58 50 T 67T 102 &4 129 T.1 158
M 27 ¥ O35 M 43 & 50 BT 5.8 113 45 142
22 LT 31 35 & 43 T 51 % 58 124 6.5 197
24 LT B O3S WM 43I M 51 14 58 1%
26 35 5 43 8 51 13 5.9 M7
28 3.5 & 4.3 g 5.1 121 . 5.9 198
30 3.5 6 44 9% 51 130
zrzzzzzzssssTIsEsas zzesszzass zEyzz sazzzzasEjeEEsy sezesses ==sazEs
Rock 450 size: =+ 11 inchesy - - Chute side sTepe: - 3 to I; Chute profile slope: 10 te i
Wagimin allowable velorityr 9.2 feet per second Makimum allowable Q'="150-cfs
d: 0.5 =4 - 0T - 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
b vV 0 V.Q- Vv Q ¥Y:Q V-Q° ¥'Q@ ¥Y Q@ VY Q@ ¥ Qo ¥y Q v.qQ
S AR 4 R _ ‘2.8 .76 - 3.3 190 3.9 W 44 19 50-25 55 2 59 40 64 8 :6.? . 1.3 B {
4 .23 6% 30 10 34 _15 4,2 _2‘2 48 29 654 B 5.9 4T 4 5 49 T T4 B OTE IO
- 24 9030 15738 22 450 51 M : 56 51 42 & &T T T3 W T8 M g3 130
4 25712 32 1938 W46 B OS2 0-58 M4 64 B 70 M TS5 116 8.1 138 8.6 181
0 25-15 9.3 23 - 40 H LT 4T 54 61 60 T8 - 46 T T2 AT T.T 140 8.3 164 :
o = : ; |
12 26 11 33 B A17H 48 S5 54 T2 61 91 6T 113 1.3 13T T 18
4 24 20 34 N 41K Y48 6 55 83 6.2 105 6.8 130 T4 15T
16 Z.6 23 34 B 42 5 4% T2 5.4 ™ 63 119 89 14
13 2.6 3 3.4 41 4.2 5 4% B 5.6 179 6.3 133 T.0 143
20 24 B 34 45 4.2 65 50 89 5T 16 &4 146
& &5 N A5 ¥ 4 1 50 9 5T 12T &4 140
24 2.4 M 35 4 43 TR 5.0 1064 5.7 i3 '
26 35 B 43 # 5.0 114 5.8 149
8 35 62 43 % 5.1 123 5.8 140
0 35 6T 43 M 5.0 1R
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6-211

ROCK LINED CHUTE CAPACITY

: Rock d50 size: 12 inches; Chute side slope: Zte 1y Chute profile sloper 5 to 1;
R Maximuw allowable velocityr 9.4 feet per secend h Hulm allowable § = 150 efs
d: 0.5 0.6 0,7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.5
b Yy ¢ Vv Q ¥ @ VY @ Y @ ¥ @ v o Vv g ¥ Qo Vg ¥ q
2 28 4 37T T 45 11 53 15 60 21 48 2T T4 U 81 £ 8.8 5 %4 &
4 3.0 8 40 13 49 19 658 26 646 W T4 M 0.1 5 8.9 68 .6 € 103 98
6° 3.2 11" 42 18 5.1 2T 417 3T 6% 49 T.B &2 B4 TT 9.3 M 10 113 ‘
8 3.2 15 43 M 53 3B 62 48 7.2 6 8.0 B0 89 9 AT : %
10 33 18 44 29 54 43 64 59 T3 TR &Z 99 %0 1 ; ¥ 4E
12 33 22 44 B 55 51 65 T0 T4 %2 B3 UT 9.2 144 .
4 33 25 45 4 55 6% 65 B2 TS5 07 8.5 135 9.4 167
16 34 29 45 4 56 8 66 93 T 121 85 154 _ _ L
18 34 ;45 B 586 T6 6.6 104 T 13 _ : “a
20 34 W45 B 56 84 6T 15 1.7 16 Ta U el ' 2T
22 34 P A5 8 56 9 6T I P s - -
24 34 43 A6 &9 5T I 6.7 138 ;A
26 4.6 15 5T 109 6.8 149 . ¢ W
% 46 80 5T UT 6.8 164 . : : il O e
0 46. B 5T 126 ' y? G Thales oS G
AEEE I-t--l-!-l-lI--l-S'ii““i"“"“"""“'"“"'"'"' : T t‘lllll:l'-"---—' I FITIRs __rhnx_r.gnl1nl‘r:_.:' i
Rock iﬁu gizer 127 inchesy - 7 “Chute side sloper Ttebp . Chote pﬂfllrslan: Shelp |
(_,\\ Huim l”mhlt wlmhr: 9‘.5 feet p'll‘ mnnl ' P Maxinum 2l [ovable G = 150 efs |
G 05 0.6 0T 08 09 Lo Ll MEST L3, %4, LS
. ] ook ok <% ' H " 7 .
b LA R A L 1|_r Q. ¥ . ¥ & ¥ O ¥ G. ¥ Q. ¥ Q. ¥ O
Z 7 5 3.4 8 44 13 52 18 59 25 66 .33 T3 43 8.0 .54 . 86 .66 . %3 8F
A0 BRSO M AR 20 56 9 64 I OTZ BOLY 6 8619 939 - e
§ AL 14T EG-CE RE 40 6T 5 RS e 83 |5 %L 8 - . o
0 32 15 AR TS ST 36 6L SN T 6T RESS L0607 %4 M, . :
10 32 19 43 ﬁﬂ Tl 5.23 67T 8 60 14 8.8 f2r "6 1 ., . -
233 & 43 ¥ 54 5 63 T I % &1 12 9.0 )5 :
W 3.3 2 44 42 54 6 64 S T3 10 83 M0 ;
16 33 1 44 4T 55 9 65 95 LF 125 84 15
1 3.3 3! 4 5 55 TF &5 106 T.5 MO ST i _
20 34 % 45 88 65 86 66 MB TE 1w o v Lt .
34 40 45 6 56 M 6.6 129
34 043 45 T0 5.4 107 6.6 140
151

Fird

24

i 45 T8 66 111 &7
8

X 4.6 8T 5.7 121

G S E:I.gm:e IN~§~9 = Rpek Lined Chute Capacitcy
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6-212 .

Er

ROCK LINED CHUTE CAPACITY

Rock 430 size: 12 inches; . Chute side slope: Zho 1y Chute profile sloper & 4o 13
Maximm allovable velecityr 9.6 feet per second Maximum allovable Q = 159 cfs
d: 0.5 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1,3 1.4 1.5
b vy ¢ Y Q@ Y o v o vao vae Yo vao voao voao ¥ q
g 24 4 34 & 4 WI 48 14 55 .19 62 % 48 7 ; T4 B 80 4 846 W 91 &
4 28 T 37T U 45 1T 5.3 0. 31 4T 40 T4 5 81 & BT 15 9.4 87 10.0 105
& 2.9 10 38 18 47T 4 55 M 63 4 T4 5 T8 T B & %2 13 9.9 12
8 3.0 13 39 22 48 T 57T &4 45 % TA. T 81 N 88 110 9.5 1
10 30 16 4027 49 ¥ 58 S &T M .5 % 8.3 i1 7.0 135. 7.8 140
12 30 20 4.0 ¥ 50 4T 59 # 6.8 B84 T.6 10T 8413 9.2 159.
4 31 23 4.1 7 50 WM S0 T4 4% W OTT I3 BS IR
% %1 2 41 £ 51 &£ &0 B\ &7 11 TR W
18 3.1 2% 41 4T 5.1 & 60 ¥ O T.0 1244 T.Y IS
20 3..'! B OLIH OS5 OTT &L IS T4 138
&2 31 ¥ 42 B 5Z B4 40 114 T.1 161
o 31 3} 42 8 B2 ¥ b0 128
26 4.2 88 5.2 100 6.2 13 &
2 €2 T3 52 101 62 W4T
3.“ .2 T 5.¥ 15 &.2 157
r::::ﬁ::'i—:%ﬁ::’:%:: P _' -. ." : B -:Ih.:.‘ B : f LS : : g 2zzzs:
Reck 450 sizes 12 Inches; . Chute side stopes Tte 1y Chute profile sjope: &t 1y -
Maxinum allovable velocitys 9.6 feet per second ' Maxinum alfovable Q = 150 cfs
&t 05 0.6 0.7 0.8 0.9 1.0 - 1l R 1.4 1.5
T fF e F T gy pt o g ¥R YRy D ¥R Y LTV
2025 4 33°7 4012 4T 1 54 2B 60-30 6T 3 -T3 .49 19 6L -85 W . 0.0, 68
4 2.0 T 3.6 12 44 19 . 5.1 2 5% B 8.6 . 4. T L T2 OBS OBT 91 by
& .8 11 AT 1T 46 B 54 B &1 48 6% & ?.F ™.,.83 9% 8.9 15 9.6 137 -
!_ 9 M 38 2 AT R .5" & 64 6 T4 ™8 7.9 78 - 84 119 93 113
0 2.9 17 3% I8 4.BI 4 6T B &5 T T % 84 118 8.8 1M 9.5 172
12 3.0 20 40 3 49 4 58 6 66 83 T4 m " g.2.18 9.0 169 '
M 30 23 40 3B 4% % 58 T &7 1M .5 118 8.3 159 !
14 30 2% 40 43 5.0 43 59 BT 48 1M 7.6 145 &
% 30 N 41 4 50 T &0 9T &8 128 1.7 182
20 31 31 4] 5 51 T 60 107 6.3 141
2 031 ¥ 41 5 5.1 8BS 6.0 118 5.9 IS4
d4 1 F 41 M4 B T3 & 128
8 : L1 6 50 101 &0 13
28 L1 T4 6.1 108 £ 149
i 4.2 1% 5.2 116 6.1 159

Figure IN-6-9% - Rock Lined Chute Capacity
Sheer 50 pf 54
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. : : 6-213

ROCK LINED CHUTE CAPACITY

Qu;;;, Rock d50 size: 12 infhrs; Chute side slope: 2 to 13 Chute profile slopes T te 13
Mazimum allowable velocity: 9.4 Feet per second Maximim allavable § = 160 cfs
d: 0.5 0.6 0.7 0.8 0.5 1.0 1.1 1.2 1.3 1.4 1.5

b v o ¥ o Vv o Vv g Y @ Y@ vao Vvo¢ va voao Vv

1 3.8 5.7 23 43 9 &9 ¥ T4 M TF 53 85 48
26 6 34 U 42 W 49 B 56 6.2 69 41 15 58 81 & 87 @3 9.2 9
2T % 35 15 44 B 51 3 59 £.6 .2 6 1.9 80 85 %% %1 113 8T 18
r 4.5
5 4.6

2.4 3.1 F 45 13 61 W
29 I
4] 53
Z.7 16 20 ¥ 53 4 40 5 468 & 7.5 8 0 82 102 88 12 5 143
&6 83
78
0

P - . A A Y

1 .

1 28 1 LT 5 ¥ 54 B0 6,2 £.9 T.7 103 8.4 125 9.0 l48 9.7 T4
12 2.8 18 37 30 46 43 55 B 63 .1 9% 7.8 &2 85 147 9§82 176

W 28 21 3.8 M 4T B0 55 &9 64 T4 14 1.7 141 8,7 170

6 28 M 3§ ¥ 4T B 56 T8 44 M3 T2 1XN B0 140

18 2.9 21 38 M 4.7 &4 5.6 B3 5-'.:3 115 1.3 14
0 2.9 I 38 & 4B T BE T LS 12T T3 18
22 28 W a8 o .8 T8 5T WM £.5 140
Ho2% ¥ 3% 5B 48 8 5T 1T 6.4 182
b .9 83 48 W 5T 12
] 3.9 48 4.8 99 5T 13
0 3F TEO48 I BT WS
=::::::::=:‘:::::::::::::;_;!u!!;ll‘lll!llll!!!q!l.:!!’ml:llll'l!nl]_'l!llIIII.'IIII.'I.'Fl!:l.‘l'!lll'l'l.'!!IlI’.IIIIIIll‘l‘l“l‘tt!li"llii‘lﬁmliﬂilirﬂ‘ﬁimi
Rock 450 size: 12 ipchesy - (hute side stope; - Ftol; ~ Chate profile sloper T tp 1;
‘:i’"‘“ Maximum allovable yelocitys 9.6 feet per second Maximm allovable § = 150 cfs
d 0.5 0.6 0.7 0.8 0.9 T 1.2 1.3 1.4 15
b vy ¢ Vv o Y Qo Vv o y.o ¥vQo YO ¥ Q9 VvOo Vv Qg Vv
2 23 4 30 T AT U 44 15 50 2 5.6 62 ¥ 68 45 T3 B 1.8 68 8.4 B2
4- 2% T 33 11 .0 1T 4.7 2 54 33 61 42, &7 B4 T3 &7 T Bl 84 T 9.0 1S
& 246 10 34 14 42 M50 B ST B L4 ST OTH T2 OTT B8 10T 69 12T 9.5 149
] Z._T 13 35 2 4 5.1 43 59 5 646 T3 1.3 ® T.9 ﬂﬂ 8.4 133 9.2 157
0 27 1 3.6 2 45 3| 53 5 L0 & &8 #8 TS5 109 8.1 13 g 159

12 28 1% 3T 3 45 45 5.3 & &1 8 69 103 T4 1™ 8.3 15
W28 2 37T B 46 B OS4 T &2 T3OTO LR OTT N

16 2.8 2% &1 40 446 59 855 80 4.3 106 T 1M 7.8 18

12 2.8 21 3.8 45 AT & 55 % 43 118 T4 150

20 2.8 3 38 4% LT T2 5.4 99 &4 *3& T.2. 165

2 2.8 1 48 M AT TP 5.6 109 A4 143
24 2.9 ¥ 38 57 LT B 5.6 1B 45 155

6 ] 4.7 93 5.4 128
Fi .8 &9 4.8 100 5.7 138
30 38 13 4.8 107 5.7 147
e Figure IN-6-9 - Rock Lined Chute Capacity
Sheet 51 of 5§
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b=214

ROCK LINED CHUTE CAPACITY

Rock 450 siza: 12 inches; Chute side slope: 2 to 13 Chute profile slopes 8 to 1
Haeieuws allovzhle velocity:s 9.6 feet per second oy Maximum allowzble § = 150 cfs
05 08 0.7 0.8 0.9 1.0 1.4 1.2 1.3 1.4 1.5
b vV o0 Vg ¥ o0 ¥ Q@ v 0 v oq L v ooV o0 v q v q
z L2 12 L? 6 3.6 8 f.! 12 48 16 53 21 5% T 64 M L% 4 THA B 7.9 59
4 24 6 32 Mo ‘39 15 446 D B2 I B ¥/ 44 M TH B T4 & 81 TT 8.4 91
& 25 % "3 M 4.1 21 48 29 5!.5 ¥ Ol & LB M4 T4 T BO B B85 15 .90 123
g 2.4 12 314 19 42 W 49 B ST W O3 &8 THO T T4 B 83 114 89 1M 9.4 15
10 2.6 14 _3.# 23 43 M 5.0 41 5.8 46 45 TR 7.2 %6 7.8 f1T &5 13 9.0 163 :
b

12 L6 o 35 B 43 41 51 8 59 T 46 7.3 14 8.0 133 8.6 164
14 24 20 35 R 44 4 52 &4 G5 B AT MNT T4 1R BN 19 ’
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ROCK LINED CHUTE CAPACITY
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ROCK LINED CHUTE CAPACITY;
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Entrance Section:

It is iwmportant that the rock lined entrance section
provide a suitable transition from the upstream 'waterway
into the chute section. Figure 6-19 on page 6-29 of the
Engineering Field Manual is illustrative of the manner in
which the entrance section should be shaped.- It is also
important that the side slope shoulders of the entrance
section be high enough to trainm all the flow into the chute
section.

To allow for freeboard above the critical depth use a
total depth of rock on the entrance side slopes equal to the
inflow waterway depth, but not less than (d + 1). This
depth of entrance is shown as "de"” on the data sheet (IN-

The entrance length (Le) must provide for anm effective
transition from the inflow waterway“to the chute channel.
Use minimum entrance length (Le) equal to 5(de).

The width at the upstream end of the entrance - (be)
should be .at least equal to the chute:bottom width, but
should be widened 'as necessary tu:prﬁvﬁde an effective.
transition from the inflow wate:way tn¢$he chute, . If there
is no distinct waterway, make upstreah qnd of eutranne
section (be) equal to (b + Le). -

OQutlet Section:

The length and depth required for the outlet section
depends upon the wvelocity leaving the chute section and the -
outlet conditions. ~Normally a chute will discharge .into a
relatively flat outlet grade that could be considered as a
free outlet except that the flow from the chute provides a
talilwater effect in the outlet channel. For this in-line
condition, a minimum length (Lo) of 6 feet of lined outlet
should be provided for chute velocities (V) less tham 5 feet
per second. 'For chute velocities (V) greater than 5 feet
per second, the minimum length (Lo) of the lined outlet 1is
recommended as [6 + 3(V-5)] feet.

If the chute outlets side drainage into a chanmel or
ditch, or into standing water, so¢o that a high tallwater
condition will exist during flows in the chute, a shorter
length of lined outlet section may be adequate. A minimum
length (Lo) of 6 feet of lined outlet should be provided for
side inlet channels. Where the tailwater is shallow, or the
downetream drainage channel or ditch is narrow, increase the
length (Lo) of the lined outlet as recommended for am din-
line channel.
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The height of the hydraulic jump 1is considered to be at
least twice the flow depth in the chute. However, the tail-
water depth created in the outlet channel will determine
actual depth. A freeboard of 0.5 feet should be provided
above the tailwater elevation. Use a total depth equal to
(2 d + 0.5), shown as "do"™ on the data sheet (IN-ENG-36),

unless otherwige determined.

Emergency Spillway:

An emergency spillway should be provided if feasible.
The crest of the emergency spilillway is established above the
flow depth in the approach channel - -or-waterway for the chute
design flow, The minimum design flow for the emergency
spillway is the differénce betweenithe "total capacity”
shown 1in Table 1 of Technical Guide Specification 410 and
the actual capacity of the rock lined chute. - The design of
an emergency spillway is discussed in Chapter 11 of the EFM,
which inecludes desigu information and aids. 2

Top of Settled Fill:

The top of £1i11 adjacent to the rock lined chute should
be at least 0.5 feet above the rock in the chute entrance
channel (de). - If an emergency spillway is provided, the top
of £111 should be 0.5 feet above the flow ‘depth in the
emergency spillway (Hp), but not less than 1.0 foot above
the emergency spillway crest elevation.

Rock Lining:

There is little data available about the thickness
required for a rock-lining (tr) used in a short duration,
full flow chute application. For design purposes, the.
thickness of the rock liniang (tr) ahquld be 2 times the d50
rock size, but not less tham 12 inches (1 foot} nor more
than 24 inches (2 feet}.

The rock lining, to be effective, must be fairly well
graded, with smaller rocks, chips and spalls incorporated
uniformly throughout the rock mass to prevent soil movement
between the stones while allowing ground water seepage to
flow out from behind the rock lining without building up a
hydrostatic head. For design purposes, the maximum rock
size (d100) should be twice the d50 rock size, but not
greater than 18 inches, and the maximum d15 size should be
cne-third the d50 rock size. ;
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In-place rock density (Dr) will vary with the locale,
the size and gquality of the rock particles, and the
technigue and compactive effort used in placement of the
riprap. Specific gravity of quality rock is approximately
2,64. In-place density of riprap will vary from 95 to 115
pounds per cuble foot (pcf). A reasonable value to use for
estimating purposes is 110 pef.

Bedding:

Where the rgck lined chute is placed on highly erosive
gsoils, such as SP's, SM's, ML's aund CL-ML's, a suitable
bedding must be placed beneath the rock. The bedding must
prevent migration of the base solls, and must not ;tqeif
migrate through the rock lining. A bedding using graded
gravel with a d85 size equal to one-twelfth the d50 rock
slze of the chute lining can be effective. Geotextiles can
also be used effectively, and may be needed where the gravel
bedding gradationm will not prevent the migration of the base
solls. If a gravel bedding is used, the thickness (tb)
should be a minimum of 6 inches. For estimating purposes, a
value of 110 pcf can be used to estimate the in-place
density of the bedding (Db). See step 16 of Design
Procedure for details of bedding and geoﬁpx;llesrﬂ

Design Example:

The following example will fllustrate how an econgmical
rock chute may be selected by use of the figures. Only
selected rgck sizes and chute slopes will be evaluated for
the example. The in-place density and costs of the rock
delivered and placed should be determined to ascertain the
most economical combination of chute slope, width and d50
rock size. : -

From Technical Guide Specification 410, Table 1,
determine the required storm frequency for the chute
spillway design. From EFM Chapter 2, determipe the peak
discharge for the applicable 24 hour storm frequency, which
will be the design flow (Q)-.

For this example, use design flow (Q) = 35 cfs.

To figure the end area of the rock Eeatiuﬂ,ﬁuse:
Area = (tr)y[b + 2d(z° + 1) 7]
where:
Area = end area of the rock lining - square feet
tr = rock lining thicknesg - feet
b = bottom width of the flow sectiom - feet
d = total depth of the flow section - feet

(de, de, or do)
z = chute side slope ratio (normally 3:1)
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Try d50 rock size = 12 inches:

From Figure IN-6-8, find that the allowable velocity for 12
inch stone is 9.4 ft-!sec.

From Figure IN-6—9, Sheet 49 of 54, for Q = 36 cfs,

chute profile slope (5) = 5:1, nhute side slopes [z} = 3:1,
bottom width (b) = 8 feet, flnw depth (d) = 0.70 feet,
velocity (V) = 5.2 fps

de 0.7 + 1 = 1.7 feet

de = 0.7 + 0.5 = 1.2 faer

do = E(DI?) + 0.5 = 1.9 feet

Entrance length (Le) = 5(1.7) = 8.5 feat;_Usa 9 feet
Upstream entrance width (be) =2h + Lﬁ 8+ 9 =17 feet
Chute slupe length (Ls) = 6 (5° + 1) ] =6 (5.1) _
. = 30.6 feet.
ﬂutlet length (Lo} = 6 + 3(542 = 5.0). = (6 + 0.6)

= ﬁ 6 feet; Use 7 feet

Determine volume of ronk
Use rock thickness {tr) = 2.0 feet

Entranca Section:
Average rock section area “ 0.5
= 2 [(0.5)(17+8)+(2)(1. ?}{3 + 1)
= 2 [12.5 + 3.4(3.16)]
= 2 [12.5 + 10.7] = 2 [23.2] = 46. I3 sq +Et.
Entrapce length (Le) = 9 feet L g
?nlumﬁ of ruﬂk = F Xx-46.4 = 418 cu.ft.

Chute Section:
Rock section ares - 05
=2 [8 + (2)(1. 2}(3 + 1)7°7]
= 2 [8 + 2.4(3.16)]
= 2 [8 + 7.6] = 2 [15.6] = 31.2 sq.ft.
Volume of rock = 31.2 x 30.6 =.955 cusft..

OQutlet Sections :
Rock section area 0.5
2 [8 # (2)(L.0)¢3t ¢ 1909
= 2 [8 + 3.8(3.16)]
= 2 [8 + 12.0] = 2 [20.0] = 40.0 sg.ft.,
Outlet length (Lo) = 7 feet
Volume of rock = 7 x 40.0 = 280 cu.ft.

Total volume = 418 + 955 + 280 = 1653 cu.ft.
(1653 cu. ft.)(110 pcf/2000 1lbs per ton) = 91 tons
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Try d50 rock slze = 9 inches:

From Figure IN-6-8, find that the allowable velocity for 9
inch stone is 8.4 ft./sec.

From Figure IN-6-9, Sheet 31 of 54, For Q = 36 cfs,

chute profile slope (S) = 5:1, chute side slopes (z) = 3:1,
bottom width (b) = 6 feet, flow depth (d) = 0.70 feet,
velocity (V) = 6.3 fps

de = 0.7 + 1 = 1.7 feet
de = 0.7 + 0.5 = 1.2 feet
do = 2(0.7) + 0.5 = 1.9 feet
Entrance length (Le) = 5(1.7) = 8.5 fe&t, Use 9 feet
Upstream entrance width (be) 3 b + bE = 6 + 9 = 15 feet
Chute slope length (Ls) = 6(5° + 1) ] = 6 x 5.1

= 30.6 feet
Hutlet leugth (Lo) = 6 + 3(6.3 = 5.0) = 6 + 3.9

= 9.9 feet; Use 10 feet

Determine volume of rock:
Use rock thickoness (tr) = 1.5 feet

Entrance Sectilon:
Average rock section area .. : 0.5
1.5.:[(0. 5}(15+ﬁ}+(2){1-?}(3 + 1) 1
= 1.5 [10.5 + 3.4(3.16)] i
= 1.5 [10.5 + 10.7] = 1.5 [21.2]
= 31.8 sq.ft.
Entrance length (Le) = 9 feet
Volume ?f rock = 9 x 31.8 = 286 cu.ft-

Chute Section:
Rogk section ayea
1.5 [6 + (2)(1. 2}(3 + 1) ]
1.5 [6 + 2.4(3.16)]
1.5 [6 + 7.6] = 1.5 [13.6] = 20.4 sq.ft.
Volume of rock = 20.4 x 30.6 = 624 cu.ft.

Qutlet Section:
Rock section area 0 5'
= 1.5 [6 + (2)(1. 9)(= G SO B il
= 1.5 [6 + 3.8(3.16)]
= 1.5 [6 + 12.0] = 1.5 [18.0] = 27.0 sq.ft.
Outlet length (Lo) = 10 feet -
Volume of rock = 10 x 27.0 = 270 cu.ft.

Total volume = 286 + 624 + 270 = 1180 cu. ft.
(1180 cu. ft.)(110 pcf/2000 1lbs per ton) = 65 tons
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Try d50 rock size = 7 inches

From Figure IN-6-8, find that the allowable wveloclty for 7
fnch stone is 7.4 ft./sec.

From Figure IN-6-9, Sheet 19 of 54, For Q = 38 cfs,

chute profile slope (S) = 5:1, chute side slopes (z) = 3:1,
bottom width (b) = 8 feet, flow depth (d) = 0.60 feet,
velocity (V) = 6.5 fps

de = 0.6 + 1 = 1.6 feet

de = 0.6 + 0.5 = 1.1 feet

do = 2(0.6) + 0.5 = 1.7 feet

Entrance length (Le)= 5(1.6) = B feet
Upstream entrance width (be) 3 b + bgs- 8 + 8
Chute slope length (Ls) = 6(5° + 1) = § x

= 16 feet
5.1

30.6 feet
Outlet length (Lo) = 6 + 3(6.5 — 5) =6 + 4.5

10.5 feet; Use 11 feet

Determine volume of rock:
Use rock thickness (tr) = 1.2 feet

Entrance Section:

Average rock section area 2 0.5
= 142 [(0.5)(1648)+(2)(1.6)(3° + 1) 7]
= 1.2 [12 + 3.2(3.16)]
= 1.2 [12 + 10.1] = 1.2 [22.1]
= zﬁls Eq-ft-

Entrance length (Le) = 8 feet -

Volume of rock = 8 x 26.5 = 212 cu. ft.

Chute Section:
Rock section area 9
= 1.2 [8 + (2)(1.1)(3" + 1) 1
= 1.2 [8 + 2.2(3.16)]
= 1.2 [8 + 7.0] = 1.2 [15.0] = 18.0 sq.ft.
Volume of rock = 18.0 x 30.6 = 551 cu. ft.

0.5

Outlet Section:
Rock section area 2 0.5
= 1.2 [8 + (2)(1.7)(3" + 1) "]
= 1.2 [8 + 3.4(3.16)]
= 1.2 [8 + 10.7] = 1.2 [18.7] = 22.4 sq.ft.
Outlet length (Lo) = 11 feet
Volume of rock = 11 x 22.4 = 246 cu. ft.

Total volume = 212 + 551 + 246 = 1009 cu. ft.
(1009 cu. £ft.)(110 pecf/2000 lbs per tom) = 55 tons
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Try d50 rock size = 4 inches:

From Figure IN-6-8, find that the allowable velocity for 4
inch stone is 5.8 ft. [sec.

From Figure IN-6-9, Sheet 6 of 54, For Q = 37 cfs,

chute profile slope (8) = 10:1, chute side slopes (z) = 3:1,
bottom width (b) = 12 feet, flow depth (d) = 0.50 feet,
velocity = 5.5 fps 5

de = 0.5 + 1 = 1.5 feet
de = 0.5 + 0.5 = 1.0 feet
do = 2(0.5) + 0.5 = 1.5 feet

Entrance length {Le) = 5(1.5) = 7.5 feet; Use B feet
Upstream entrance width (be) = b + LE 5 12 + 8 = 20 'feet

Chute slope length (Ls) = ﬁ(lﬂ + 1) = §f x 10.05
o = 60.3 feEt
Outlet length {(Lo) = 6 + 3(5.5 = 5) = 6 + 1.5
= 7.5 feet; Use B feet

Determine vulume_ﬁf rock:
Use rock thickness {(tr) = 1.0 feet

(fﬂ\ Entrance Section:

Average rock section area 0.5
= 1 [(0.5)(20412)+(2)(1.5)(3% + 1)2°7]
= 1 [16 + 3.0(3.16)]
=1 [16 + 9.5] = 1 [25.5] = 25.5 sqg.ft.

Entrance length = 8 feet

Volume of rock = 8 x 25.5 = 204 cu. ft.

Chute Section:

Rock section area
1 [12 + (2)(1. ﬂ}(3 + 1) ]

=1 [12 + 2.0(3.16)]

=1 [12 + 6.3] =1 [18. 3] = 18.3 sq.ft.
Volume of rock = 18.3 x 60.3 = 1103 cu. ft.

OQutlet Section:

REock SECtiﬂﬂ area
1 [12 + (2)(1.5)(32 4 1)0-5;
1 [12 + 3.0(3.16)]

=1 [12 + 9.5] = 1 [21.5] = 21.5 sq.ft.
OQutlet length (Lo} = 8 feet
Volume of rock = 8 x 21 = 172 cu. ft.

-

Total volume = 204 + 1103 + 172 = 1479 ecu. ft.
(1479 cu. ft.)(110 pcf/2000 1bs per ton) = 81 tons

-
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SUMMARY :
Rock quantity regquired vs: Rock size d450:
Rock size Profile Slope Bottom Width  Rock
d50 5 b - feet tons
2 5:1 8 91
9" 5:1 6 65
17 5:1 8 55
(e 10:1 12 81

CONCLUSION: In this example, all other factors being equal,
the use of the d50 rock size of 7" will result in the least
tonnage of rock. Final selection of rock size to be
designed for and used would have to consider the
availability (and cost) of the other rock sizes, and
consideration of other installation costs and site
conditions.

* * * ¥ # * * * % * * % * % * % ® %k x %k

WEIGHT OF EQUIVALENT SPHERICAL ROCK

gs = 2.64 density = 165 pef
Rock Size Weight
inches pounds
3 1
4 3
5 6
[ 11
7 17
8 26
9 36
10 50
11 67
12 Bo
13 110
14 137
15 169
16 205
17 246
18 292
19 343
20 400
21 463

Figure IN-6-10 - Weight of Equivalent Spherical Rock
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CONSTRUCTION

There are several factors that must be considered and
accomplished during construction to produce a rock lined
chute grade stabilization structure that will be stable and
a quality product. Some of these factors are:

1. Before placement, make sure that rock delivered to
the site has at least 50% by welight larger than d50 size
rock used in design. See Figure IN-6-10 for weights of
equivalent spherical rock.

: 2. Wherever possible, place rock=lined chute in
natural ground in lieu of on compacted backfill. Shape hole
with as nearly vertical sides and ends as possible to set
bedding and rock into ground. A backhoe or hydraulic
excavator are efficient pleces of equipment to use.

3. Place bedding as reguired by design and spread to
depth required. .

4. Dump riprap as mnear to final location as possible.
Don't dump at upper end and push into place with a dozer.
This separates large rocks from fines. BEest to place with
excavator bucket. If placing rock on geotextile, do NOT
drop rock more tham 3 feet to avolid puncturing fabric. Be
sure that there are no large volds in the stone mass.

5. Tamp rock with a2 backhoe bucket or track rock in
place or use similar method to interlock rock into place.

6. Keep chute, entrance and outlet bottoms flat and to
proper width.

7. Make sure adequate stone is placed on side slopes.

8. Avgid leaving protruding and isoclated large rocks
along edges of chute that will ianterfere with future
maintenance, such as mowing. '

9., Fertilize and seed the chute when the adjdcent
disturbed area 1s fertilized and seeded. A thin layer of
topsoll may be placed over the rock and into the wvoids
between the rocks before seeding. See Technical Guides for
appropriate seed mixtures to be used. '

(EFM Notice IN-53, November 1989)
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DESIGN FROCEDURE FOR ROCK LINED CHUTES

1. Determine drainage area from USGS maps, aerial photos,
soils maps, and/or field observations.

2. Determine controlled drop or overfall (F) from survey
data, establishing entrance and outlet elevations.

3. Determine design storm frequency from Technical Guide
Section IV, Specification 410, Table 1, for drainage area
and F required at structure site for rock chutes. Unless a
vegetated emergency splllway will be provided, use "total"”
capacity frequency for design of rock lined chute.

4. Determine peak discharge in cfs for design storm from
EFM Chapter 2.

5. Select rock size d50 to be used for lining. Use rock
avallable from local sources whenever possible.

6. Determine maximup allowable velocity (Vs) far selected
rock size d50 using Figure IN-6-8.

7+ BSelect chute profile slope (S) and side slopes {;) of
Etructure. .

8. From Figure IN-6-9, for selected rock size d50, chute
profile slope (S), chute side slope (z), and for required
design discharge (Q), determine chute design bottom width
(b), flow depth (d) and velocity (V). Check that V is
less than Vs and b/d is less than 50.

9. Determine dimensions of Entrance Section:

A. Determine entrance section depth (de)-

de = inflow waterway depth,
but not less tham (d + 1)

B. Determine length of entrance section (Le) - the
entrance length will be that needed for an effective
transition. Use a minimum length of five times the entrance
section depth or 5(de).

C. Determine bottom width of entrance section - bottom
width of entrance section will be tapered to provide a
transition from upstream waterway to selected chute bottom
width as determined inm step 10. The width at the upstream
end of the entrance (be) should be at least equal to the
chute bottom width, but should be widened as necessary to
provide an effective transition from the inflow waterway to
the chute. If there is no distinct waterway, make upstream
end of entrance sectlion (be) equal to (b + Le).

(EFM Notiece IN-53, November 1989)
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10. Determine dimensions of Chute Section:

A+ Determine total chute depth (de):
de = d + 0.5
where:
d = design flow depth in chute
(as selected in step 11)
0.5 = freeboard

2 Determine bottom width (b) of chute section:
(as selected from step 11) :

G Determine ‘length of chute section:
' Horizontal ‘length -(Le) 5 Fx§ 5
Slope length (Ls) = F(5° + 1)
where:
F = controlled drop or overfall
S = chute profile slope (5:1)
(as selected in step 11)

11. Determine dimensions of Qutlet Section:

A. Determine depth of outlet section [do}
do = 2d + 0 5
‘whete: . 5 ng
d = deaign depth of chuta
{aa selegted in steP 11)
0.5 = fregboard -
T 1 - s L i
B. Determine bottom width of outlet section:
"Use b, same as chute section width as
determined in step 11.

C. Determine length of outlet section (Lo)

1. If chute is an in-line structure or.where the
tailwater depth is shallow or the downstream drainage - ':
channel or ditch is narrow, use a minimum Lo = 6 feet of
lined channel when chute flow velocity is fps: or less; use
minimum Lo = [6 + 3(V-5)] feet for chute flow velocities (V)
greater from 5 feet per secomd. Use ‘design velocity (V)
determined in step 10. ; ) :

ii. If the chute 1s a side drainage outlet into a
channel or ditch, or into standing water, where there will
be a high tailwater condition when chute ‘flow occurs, use a
minimpum Lo = 6 feet of lined channel. If tailwater depth is
shallow or the outlet channel or ditch is narrow, see A.
above.
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12. Design Emergenay Spilllway:

Note: An emergency spillway is usually not practical.
If an emergency spillway 1s not included in the design,
proceed to step 20. If ap emergency spillway is feasible,
see EFM Chapter 11 for discussion and design information and

ﬂids.

A. Determine gmergency spillway elevation. Add the
flow depth in the incoming channel or waterway to the
entrance elevation to establish the emergency spillway
elevation. The flow to determine the flow depth 1is the @
equal to the flow capacity of the rock lined chute.

B. Determine regquired emergéﬁdf spillway capacity (Qe).
Repeat steps 4, 5 and 6 above to determine "total"” capacity
peak discharge. Subtract rock lined chute capacity from
"total” peak discharge to determine required emergency
spillway capacity (Qe).

C. Determine length of level sectiou'(LJ to be psed.

D. Determine slqpe of outlaE section (So) of emergency
spillway from surveye4 profile glonmg centerline of ﬁmergenpy
spillway. "

E. Determine erosion réaistauée of s0il to be excavated
into for emergency spillway.

F. Select vegetal type to be seeded for cover,

Gy Determine permigsible velocity for outlet slope,
erosion resistance Qf soll and type of vegetation.

H. Select vegetal retgrdance to be uged baseﬁ on
condition of stand and height,

I, Determine Hp (0.5 foot minimum} gnpd discharge in cfs
per foot (q) for permissible velocity (step 19.G) in
emergency splllway using selected retardagnce (step 19.H) and
length of level section. (L), step 19.C. Check that the
putlet sleope (step 19.D) fallg pithin the acceptable slope ~
range.

J. Determine bottom width (bs) to be used. Divide
required capacit¥ Qe, (step 19.B), by discharge per foot, g,
(step 19.1).
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3

]
6-229

13. Determine settled f1ill elevation adjacent to chute:
A. If there is an emergengy spilillway, design top

of fi11l elevation is 0.5 feet above the Hp wvalue (step 19.1I)
above the emergency spillway crest elevation, but at least
0.5 feet above the rock in the side slopes of the entrance
section. .

B. If there 18 noc emergency spillway, design top of
fi11 elevation is 0.5 feet above the rock in the side slopes
of the entrance section.

14. Determine rock lining thickness (tr) - Use two times
the selected d50 rock size but not less than 1 foot nor more

than 2 feet.

15. Determine rock riprap gradation.
Use: Maximum rock size (d100)
= two times d50 (18" maxiomum)
Maximum d50 (as selected im step, 8)
Maximum dl5 = one-third 450

l16. Determine bedding material requirements — Identify the
s80il on which the chute will be placed. If chute is on
highly erosive solls, or large d50 rock size is used, a
graded gravel bedding or a geotextile lining iIs required to
prevent migration of soils through the rock lining. The
bedding must permit groundwater seepage without hydraulie
head build-up.
£ L

A 6 inch layer (tb) of graded gravel bedding can
be used. The d85 of the gravel should equal one-twelfth the
d50 rock size used. The following Indiana Department of
Highways standard coarse aggregate graded sizes are normally
available in Indiana. (No. 53 stone is not acceptable.)

Indiana Department of Highways (IDOH)

Sieve Coarse Aggregate Sizes (Percent Passing by Wt.)

Size #5 #8 #9 #11
1-1/2" 100

554 85-98 100

3/4" 60-85 75-95 100

1f2" 30-60 40-70 60-85 100
j/8" 15-45 20-50 30-60 75-95
No. 4 0-15 0-15 0-15 10-30
No. B : 0-10 0-10 0-10 0-10

Use with d50
rock size 10"—12" 7" =10" 6"-71" " —6"
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A peotextile lining can be usad. The geotextile
must be strong enough to prevent puncturing by the placement
of roeck riprap, be able to prevent the migration of the soil
base, and porous enough to allow groundwater to travel
through the geotextlile to prevent bulld-up of water
pressures behind the chute. The geotextlle should be non-
woven, needle-punched (NOT heat bonded), with a tensile
strength = 120 1bs. minimum, bursting stremgth = 210 psi
minimum, elongation = 1007 maximum, puncture strength = 40
lbs., an Apparent Dpenin¥ Size {AOE} = #40 maximum, and
permitivity = 0.70 sec

17. Calculate material quantitieé.

18. Complete data sheets for planm. Uge IN-ENG- 36
IN-ENG-42 and other sheets as appropriate.

19. Check all work for omissions and errors.

0. Get required reviews and ﬁppraval of plan.

(EFM Notice IN-53, November 1989)
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{5}.,TQEE1 volume of rock riprap:
198 + 472 -+ 139 = 809 cu. ft.

(5) Quantity of riprap required:
(809 cu. ft. x 110 #/cu.ft.)/2000 #/ton
= 45 tons

. B. Bedding:

A. Volume = (6" hedding!lﬁ riprap) (809 cu.ft)
= 270 cu. ft.
= 10.0 cu. yda;

.E- Quantity of hedding required. L
(270 cu. ft x 11ﬁﬁfﬁ§u-ftlé%9ﬂg f!tou
: = 15 tons

NOTE: Figure IN-6-11 may be used to calculate the
material volumes in cubic feet per foot of
length for tr = 1.0 feet. See example in
Exhibit IN-6-6. '

Use appropriate data sheets:

IN-ENG-36D may be used for design.

IN-ENG-36Q may be used to determine mnterial
guantities.

IH-EHG 36 should be used for- cnnstructlon drauingn.

% ‘See Exhibit IN-6=6. - .

Gheck all work.

. ‘_"

'_Gg; Tﬂquirad.teviews and approvals.

"(EFM Notice IN-53, November 1989)
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EXHIBIT IN-6-6

U. 5. Department of Agriculture IN-ENG-36D
Soil Conservation Service 10/89
File Ceode 210-11

ROCK LINED CHUTE for EFM Exumeus Desrgr
Aany County SWCD, Indiana
Designed by _€€T date: /#-949; Checked by date

DEBIGN

ute:

Controlled Drop (F):

Entrance El /os.0 - Outlet El loc.o = 5.2 Feet (F)
From IN-ENG-10A; Q (chute) = _/3 cfs
d50 = ¢ inches; Allowable velocity (Vs) = £.¢ fps (ds0)
Chute Profile Slope (S) = S :1; side slope (z) = 3 :1 (§,z)
Bottom width (b) = ft; Chute flow depth (d) -zhs'ft (b,d)

Check b/d<50; b/d = 12 »—

Design velocity (V) = Q/A = Q/[d(b+zd)] = 42 fps+ (V)
Entrance Section:

Total depth at entrance (de) > (d+l) = _/AS ft. (de)

Entrance length (Le) > 5(de) = 3 3 P (Le)

Upstream entrance w:i.dth (be) > = & ft. (be)
Chute Section:

‘Total depth in chute (de) > (d+0.5) = _/©0 ft. (de)

Chute length (Lc) = (F S.e_)(S _S§ ) = 2s.0 ft. (Lc)
oOutlet Section: .
Total Depth in outlet (do) > (24+0.5) = /-S'F ft. (do)

Outlet length (Lo) > [E+3{?-5}] = & ft. (Lo)
ac el:
Grade = i n= ; or Retardance H
Bottom width (bw) = ft.; Side slopes = ___ :1;
or Top width (T) = ft.; ;
Dapth (D) = ft.;
Wﬂﬂy_ﬂ.ﬂ;m
From IN-ENG-10A; Q(total) = cfe;
Qe (design) = Q (total) = Q(chute) = cfs
ES Crest El = Entrance El '
+ hpproach channel depth {D} =
Level Section (L) = . ft.; Exit Slope (so) = K T

Erosion resistant soil? - yes-no (circle one);
Cover, stand & height - H

Retardance - ; Velocity (V) (maximum) = fps;
Hp = It.1 Discharge per ft.(q) = cfs/ft.;
Bottom Width (bs) = Q/q = ft.

Top of Fill:

Top of Settled Fill Elevatiun =
Entrance El fo5i© + de /.S + freeboard (0.5')
or ES Crest El + Hp + freeboard (0.5')
Use Top of Settled Fill Elevation /@7.0

Iy
Q
™
S
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EXHIBIT IN-6-6 (continued)
'.=
U. S. Department of Agriculture IN-ENG=360Q

Soll Conservation Service 10/89
File Code 210-11

ROCK LINED CHUTE for LFmM Eyamere Desi&i”
AN .County SWCD, Indiana
Calculated by Ce T date: /- ?-2%; Checked by date

QUANTITTIES
Chute Parameters:

b= b *; d=05%"'; s=3S5:1; z=3:1; F=250'
ds50 size: 9 ": Thickness (tr) = ,X ’; Density (Dr) = #/2 pcf
Bedding: Thickness (tb) = £.57; Density (Db) = wo pcf
Volume of Rock:

Y1l = Cubic feet gf rgck per foot of length for (tr = 1.0')
'Vli=b + 2(dt) (z°+1) "7 + A e e
Where A = correction for fill ' section

or see EFM Figure IN-6-11

Entrance Section: de = /AS’/; Le= &£ ‘; be= & *
upstream end (for be & de); Vliu = __ /7.5
downstream end (for b g, de); Vld = .

VE = (Vlu /7.< + Vld IS£) (0.5) (tr £ ) (Le _ & ) - ..

. . - _ = /## <cu. ft,

Chute Section: dc = 490 /; Lc = zf0/ .

(for b & dc); Vle = _s2.4 2 0.5 :
Ve = (Vlc /Z.4) (tr 4 ) (F S )((s°+1) 7 8.7 )
= _#7% cu. ft.
outlet Section: do = Ae ;o= _ ¢

for b & do); Vlo = v '
{rooi (Vlio ?}‘.f]?tr ,:.3"‘ Y(lo _ G ) = /37 cu. ft.

Total volume of rock:

Vr = (VE /2% ) + (VC 5’7’:‘1 + (Vo /37 = g1l cu. ft.
Quantity of rock: (Vr gl )(Dr /12 __s2000) = _ 4S5 tons

Volume of Bedding:
Vb = (vr 2/1)(tb D.Sser 1.£) = 270 cu. ft.

Vb/27 = __ /O cu. yds.
Quantity of bedding: (Vb Z70) (Db //0 /2000) = _ /S tops

Quantity of Geotextile Fabric:
"gf = (Vr g/) _)/(tr /.S ) = _S %/ sq. ft.
_ Add >10% for laps, ends, waste, etc.
.Geotextile fabric required (Gf) = (1./ ) (gf S$¥/)
a 695" gq.ft.

or Gf/9 = & = sq.yds.

(EFM Notice IN-53, November 1989)
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EXHIBIT IN-6-6

= — AIPRAFP BEODDING
GRADA TITON GRADATION
"'5:7 - INCHES EQUIVALENT TO TOOH
AGGREGATE NO.
SIFE X PASSTING SIFE A PASSING
o 8Y KEIGHT o 8Y KEIGHT
_ir 1008 4 1008
2° so% | Ay? JL%?
3" /S 7 f27  To-707
ig” 20 ST
{lf ‘7 —IQ'

ROCK LINED CHUTE

GEOTEXTILE FABRIC
INON-WOVEN, NEEDLEPUNCHED)

TENSILE STRENMSTH. — — 120 L85, MIN.
SURSTING STRENGTH. . 240 P5SI MIN.
ELONGATION AT FATLURE. _ 100 ¥ MIN.

LL TRAVIOLET LIGHT RESISTANCE -
70X TENSILE STRENGTH RETAINED

PUNCTURE . — — — — — — = .. 40 LBS.
AOS — STANDARD SIEVE SIZE OPENING —
240 MAX.
FERMITIVITY . — — o e . 0.70 sec.”
=1::._%;:£" <
= | JQSLO
f"‘{ o =
0 T L\\
S 1'0‘1{ g *-13:3 =
::!I fﬂ‘.{ [ -'x\ E ';
N 2l 5 NN -Eﬂﬂig._émai-
ly L. = AN <
EJ,[ fol r.'f“ \':\
o1 -2 . ‘ﬁ NN e \‘D’T\
= O | /4-3F8 \03\\“ L | -lred.o
o~
Y .5 vas $5.40
/eo gl | N el BNic] g
'\\ b [
s <
o \‘\ 2o Jo R o

PROFILE ALONG CENTERLINE OF CHUTE
{SHOW SOIL BORINGS)

ESTIMATE OF GUANTITIES

CLEARING . oo eeeeaan ACRES
EXCAVATION ..., cu, YOS,
BIPRAR. o S o ;5— ToNS
BEOOTNG o vomesrsse /S rows

GEOTEXTILE FABAIC..._ &% _sg. yos.
BEVEGETATION ACRES

REVISED 10/83

COOPERATOR £Fnt_Lgmlle Deilsd

COUNTY SWCD, INDIANA
LOCATION H

AROCK LINED CHUTE
I{SHEET £ OF 3/

a U. 8. DEPARTHENT OF AGRICULTURE
S0IL CONSERVATION SERVICE

——t
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EXHIBIT IN-6-6

AFTER PLACEMENT OF RIPRAFS S5PREAD

GRASSED WATERWAY ENOUGH SMALL FRAGMENTS OR BEDDING

GRADE= ¥ MATERIAL OVER ENTIAE SURFACE OF THE
L= CHUTE To FILL THE VOIDS IN RIPRAP
or Te AND COMPACT RIPRAP WITH EGQUIPMENT PP
TP OF SETTLED FILL ELEV. _127-2
l T ELEV. zﬂftﬂ CREST OF EMERGENCY SPILLKNAY ELEV. =——
NIVEL
D= SIOF SLOPE
T ELEV. foe. O
5= AT BOTTOM OF

A& r~preras l..;,']

THICKNESS & THICKNESS)
ey OUTLET APRON
Al
LENGTH CHUTE LENSTH LENSTH
lo=_ 8 ' Lp=_tzS.0 Lo= G
. SECTION ON CENTERLINE
(CUT SECTION) [FILL SECTION) ...
Z= 3 Gy=_/. 5 z=3
— d - ;-.“i- -
LEGEND
F — CONTROLLED DAGP
b — BOTTON WIDTH OF CHUTE
be — WIDTH AT ENTRANCE UPSTREAM
dﬂ' — ENTRANCE ARPRON DERPTH
d, — CHUTE DEPTH
THRICAL EHGESI SECTION 4, — OUTLET DEPTH

APPROACH CHANNEL
bw — BOTTOM KWIOTH
F — FoP WIDOTH
g — FLOW DEPTH

NOTES:
CHUTE SLOPE "S" NOT STEEPER THAN 5 1.

SI0E SLOPES
THE ENTRANCE

YZY NOT STEEPER THAN 2 1.
APRON WIDTH H'If.f. VARY FROM

LI R WL - L

EMERGENCY SPILLWAY
bs — BOTTOM WIOTH

FPROVIOE AN ENERSGENCY SPILLKAY, ONE ON
EACH STDE IF FEASTBLE, WITH CREST

ELEVATION 0.3' TO 0.5" BELOW TOP OF C“”:ﬁfﬁm“ M"—m = Eu“cwu ‘IENDI:;
t 915 "
ROCK ON ENTRANCE SIDE SLOPES. iy £rexd A

GEQTEXTILE FABRIC MAY BE USED IN LIEU

OF BEDOING. HROCK LINED CHUTE

REVISED 1089
{SHEET 2 oF 3)

CONSTRUCTION DATA

U. 8. DEPARTHENT OF ABRICULTURE

Larour &- aii= SOIL CONSERVATION SERVICE
CONTRAC TOR COMPLETED DATE Mgﬁ __{/j:_f m""" ______
PRACTICE [DOES) (DOES NOT) MEET STANOARDS AND AT w--ZIZZZC
SPECIFICATIONS "o gt e
CHECKED BY DATE . Dc_ 937 E— |
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. ‘EXHIBIT IN-6-6 (continued)

GEANERAL

“enstructlon operations shall be carried out
Such & manner and seguence that erosion and
o and water pallution will be minimizred snd
eld withidn acceptadle limits. Constructlon
methodgs that enhance willdlire nabitat will D&
uxed where practical,

The complated job shall prasent an appesarance
of good workmanship and shall conform to the
lines, grades. and elevatlons shown on the
drawings or a5 staked In the rfleld.

All operations shall be carrled out In & sare
and skillful manner, Sarfety ang health
regulations shall be observed and approprilate
sarety measures used.

SITE PREPARATION

All trees, stumps, brush, and similar materials
dare to be removed from the constructlon area
and disposed of In 8 manner consistent with
environmental concerns and proper functloning
of the structure.

EXCAVATION

To the extent needed, all suitabls matarials
removed from the speciried excavation shall be
used in the construction orf the earth ri1l1l
areas of the structure. All spoll deposited
adjacent to the structure and In the adjacent
area shall have a positive grade to drain
toward the structure.

HOTSTURE CONTROL

“he minipum molsture content of the rill
‘terdal and foundation shall be such that
1en kneadeg in the hang the ril1l material

will form & ball which does not readlly

separate. The maximum molsture content Is
when conditions are too wel rfor erricilent
use of the nauling angd compacting eguipment.

MATNTENANCE BECOMMENDA FTONG:

A maintenance program shall be established
by the land user to malintaldn capaclity and
vegetative cover. Items to conslder are as
follows:

J=0o not grare sesded arseas durlng establishment
and when sell conditions are Lo wet.

2= Protect structure from damage by rfarm
eguipment and venicles.

J=Maintaln structure Inlet and outlel aress
free of any obstructions.

d-Fepalr structure as soon as possible arfter
damage is noted.

5= Reestablisn vegetatilve cover lmmediately
whare erosion has ramovad sstadlisheg sesging.

&-Malntain erffective erosion control of the
contrlbuting watershed to prevent siltation
and the resulting loss of capacity.

CONSTRUCTION TOF ERANCES

Depth at centarline: Grade to 0.1 foot balow
Kigth: 10X wider not to axceed 1.0 root

Top of lesvee’ Grade or above,

Side slopes: 20.1 Ft.Are.

EINISH An? O EANMGE

The structure area and the cesignated spotl
areas will be rfinished in & relatively smooth
condition ready for sesding. All rocks 3 Inches
dn diameter or largar and rools shall be
remavad from the Surface arsas.

VEGETATTVE ESTASL TSHMENT

Excess water shall be directed away wntil
vegatation Js estadlished, - if possible. Any
protective works shall be removed and the
disturbed areas shall be sssded ror permanent
grass. .

Apply lime to raise the ph to ________ at rate or
tans per acra.

Fertilire according to soll tests or at 8
minimum rate of 1000 pounds of 12-12-12
fertilizer for its eguivalent) per acre as
So0on a5 the structure has bean constructed
1Ff within the seseding oates.

Kork the rertilizer ang lime into the soil to
& depth of 2 - 3 Inches wilth & harrow or gisk.
Seeding will be done at the rollowing rates:

Sesd: Rata: lbs, facre
Rate: oz, facre

Mhen construction Is completed betwsen May 14
and August 8 & temporary cover crop should be
established using tha rollowing seeding:

Sead: Rate: lbs. sacre

Dormant seading may be done betwean December
10 and Februvary 28. Liming fartdliring,
sSasdbed preparation and mulching may ba done
ahead of the dormant seeding, with the sesd
baling broadcast on top of the mulch.

Apply mulch at the rate of ________ tons of straw
par 8cra.

COOPERATOR EFM EXdmiRe Detwie’
&! COUNTY SWCD, TINDIAMA
LOCATION £Frets

ROCK LINED CHUTE
(SHEET 3 OF F)
SPECIFICATIONS

U. B. DEPARTHENT OF AGBRICULTURE
S0IL CONSERVATION SBERVICE

pisa T Pt o o e

Repised 10-89 __ “.Q}:: :‘E‘f} Fe I I
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CONCRETE BLOCK CHUTE

The concrete block chute is another economical structure for
grade stabilization. It is similer in configuratiom to the
rock lined chute, but uses unmortared standard nominal 8" x
8" x 16" concrete building blocks (holes up) for the lining
material. See Figure IN-6-12. It is installed on .a 3H:1V
slope, and therefore has the advantage of not protruding as
far into the field as a rock-lined chute when used as a
surface water inlet to a channel. It 1s a very labor-
intensive structure installation, and can be used when the
landuser wants to install a structure using his own labor
forces to reduce his out-of-pockets costs. The building
blocks can be "seconds"” or used blocks as long as they are
not broken. The blocks in the floor section are placed
longitudinally (long dimension parallel to the direction of
flow) and the blocks on the side slopes {2H:1V) are place
transversely (long dimenslion perpendicuilar to the direction
of flow). The structure was modeled and tested at the
Hydraulic Laboratory of the University of Illinois at
Urbana-Champaign, and the results used to establish the
capacity and configuration.

DESIGN ELEMENTS

Design Flow:

The capacity of this structure is dependent upon the
depth of flow at the inlet (Hp). The capacity was
determined in the model stufigizto be:

q = 14&55 H‘p *
where:
g = unit discharge 1in cfs per foot of bottom
-width
Hp = ponded head above the crest, ft.

Hp is determined by the depth of flow in a defined inlet
channel outletting into the chute or by the allowable
ponding depth that can bhe allowed in the field above the
structure.

Only wvhole blocks azre used in the installation. Table A of
Filpure IN=6-12 ghonwve *he rcanarityt in cfs for various wvalues
of Hp usiung staodard buildiag Siock dimepslons of 7-5/8" x
T=5/8" % 15=-5/8" (0-.6353" % 0.635" x 1.302"). The model
studies indicated that the miniwum bottom width should be
five times the Hp value. The maximum allowable capacity 1is

limtted te 150 cfs a2t *this time.

FM Fotlce IN-53. November 19389)
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TABLE & - COMCAETE BLOCH CHUTE CAPACITY = O - CF3
BOTTOM WIDTH W = FEET
Aows | FEEY 1.8 1.4 1.2 1.3 1.4f1.5 1.8 1.7 1.8 1.9)/2.@ 2.1 2.2 2.3 2.4]2.5 2.6 2.7 2.8 249|3.8
[ 3.1 r
3 5.7 8 i@
i@ 6,4 g 11 13
11 7.e | 18 12 14 1% o
12 7.6 11 13 15 18 21| 23
13 6.3 12 14 L7 18 zz | 23 28
14 8.9 13 135 18 21 24| 27 3 3
13 9.3 14 17 19 2¥ 26| 29 33 37 41 15
16 |18.2 (15 18 21 24 27| 31 35 33 43 48 | 53
17 | w8 |16 19 2 23 29| 33 37 42 4 H1 |5 61
18 11.4 17 8 23 27 a1 33 a9 414 43 54 | 59 635 71
19 [ 12,1 (18 21 23 28 33| 37 42 46 52 57 |63 €8 74 @1 87
| 28 | 12.7 |18 22 26 3@ 34 | I3 44 19 94 €8 | 66 T2 7B g3 92 | 9
21 13.3 |13 =23 27 31 38| 414 46 51 57 63 |63 T5 @2 ea 97 | 104 1iz
22 14.@ e 24 | 33 a8 13 48 W E2 E8 | T2 T3 B6 54 181 | 183 117 1323
23 [ 14.8 | 21 25 28 34 39| 43 Sa 56 B2 69 (76 @3 98 ga 186 | 114 12ZZ 131 148 138
24 15.3 22 25 au 36 41 47 S22 39 -] 12 19 B85 84 gz 118 119 124 137 146 156
25 [15.9 |23 =28 32 37 43| 48 S35 61 6@ 75 |62 98 9§  yes 115 | 124 133 143 132
26 16.5 24 29 M EL] 43 51 57 64 T1 78 | B8 94 182 1131 120 129 13 148 133
27 17.2 23 @ 35 4@ 48 32 59 BB 73 al a3 a7 186 115 124 | 134 144 154
28 (17,8 |26 31 35 42 48| 54 61 68 76 84 | 92 1Bl 1i@ 119 125 ) 133 149 158
29 18.4 27 a2 0 43 3| & 63 71 T3 a7 93 184 114 123 133 ) 144 154
28 (19,1 |28 33 39 45 51| S8 66 73 @1 98 | 99 -1@d 118 jom 138 | 1495 188
ar 19.7 23 24 48 46 23 68 68 7B B4 a3 | 182 112 122 13z 143 | 154
32 |20.3 |38 35 41 48 55|62 78 T8 87 95 |1e5 113 123 jas 147 | 139
e 8.833" PER
L TABLES 4 & 8 ARE BASED O
g = 1.455. K=
CONMDRETE BLOCKS THAT ARE 7-5/8" X 7-5/8" X 15-5/8°
o7 §.835" X 0.835" X 1,.502°
o0 0. 8274 58, FT.
TABLE B =1 .ﬂﬂiﬁﬁ
R E z Nt >
EAOWS L+ IHLET+0OUTLET "
Em mul PER | AN
FEET | FEET | FEET DOWH ACROSS JFOOT b |SIDES .
.50 F. 49 803 &5 15 25 .48 | 118
2.g1| 8.685| 9.32 7 17 pEr5 | 42F
J.32| s.88| 1065 & | 18 268.37 | i3 ‘i&
3.74| 11, 12| 12,93 9 | 18 29.80 | 142 \@
£.15| £12.35) £13.23 10 e 3. 48 50 PLASTIE
4.55| 13.59| 14.587 14 | 2+ 3305 | 158 SHEETING
4.97| 14.82| 15.87 412 | 22  M.62 | 188
5.38| 15.05| 17.44 13 | 23 .20 | 174 FILTER FABRIC ra:
.73 1729 18. 44 14 24 77 a2 CONCRETE BLOCK. '.'
&80 18.53)| 19.74 15 o5 249344 180 =
562 18. 75| 25.04 48 25 40.82 | 128 Hil F ISoWMETRIC VIEW
r.o3)| 21.00| 22.35 47 | 27 42.49 | 202 T Mot fo scals]
F. 44| 22.23) 23.85 18 28 44,07 | 210
7.85| 23. 47| 24.95 19 | 2% 45.54 | 248 - =
827 24,74 | 25.25 &0 2 A7, 21 =
8.68| 25.94| 27.55 21 | 3 48,79 | 234 Ha
g.09| 27.18| 28.85 27 | 32 5036 | 247
.50 28.45 | 3. 48 29 37 5y.83 250
S50 | 29,689 J1. 45 Mo k2 53, 58 o548
10.32| 3p0.88| 32.76 25 | 35 55.08 | 286
10. 74| 37. 42| 34.05 25 | 38 5568 | 274
11 15| 33.35| 35.57 =27 | 37 58,23 | 282
f1.56| 34.59| 36,67 28 | 38 89, 80 | 290
1,97 35, 82| a7 gr 23 | 3@ £1.38 | =9
..... i o LA L SECTION OV CENTERL INE
* 8 § 507 FER BLOCK B S

FIGURE IN=-6-12 - CONCRETE BLOCK CHUTE

Hovember 1989)
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Controlled Drop:

Although the controlled drop of the structure is.the
difference in elevation between the inlet and outlet
channel, the vertical dimemsion of the concrete block chute
(F) is also dependent on Hp and tailwater (TW). The outlet
section of the structure should be at least Hp below the TW
expected at design flow, but mot above the outlet channel
elevation. The "F" dimension is shown in increments of the
long dimension of a whole block placed on the 3H:1V slope.
Table B of Figure IN-6-12 shows the increments of "F" that
can be used aund the "X" (horizomtal length), "2" (slope
length) and number of rows of blocks down the slope.

Chute Geometry:

The model studies determined the configuration of the
structure. See Figure IN-6-12. The imlet and outlet
sections are horizontal and each are 5 blocks in length (6.5
feet). Because of the limited range of Hp and Q that should
be used with this structure type, the blocks in the inlet
section side slopes are installed with three blocks placed
perpendicular to the flow on 2H:1V side slopes at the
control section. Since the depth of flow decreases in the
chute section, ounly two blocks are placed on the side slopes
of the chute section. Only two blocks were determined to be
needed in the outlet section side slopes. Table B of Figure
IN-6-12 shows the number of blocks needed for the bottom
width of the chute (in blocks per row across and in feet of
width) for various values of "F", and the total number of
blocks in the side slopes for various values of "F".

Emergency Spillway:

An emergency spillway should be provided if feasible. The
crest of the emergency spillway 1is placed above the design
Hp value. See discussion about an emergency splillway for
the rock lined chute.

Top of Settled Fill:

The top of fill elevation adjacent to the block chute should
be at least one foot above the HP value, but not less than
1.0 feet above the top of the 3 blocks 1in the side slopes at
the control section, or 2.75 feet minlmum above the inlet
elevation. See discussion about the top of settled fill
elevation for the rock lined chute.

(EFM Notice IN-53, November 1989)
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INSTALLATION

The chute should bhe placed on an excavated base. .If it 1=
necessary to place f111, the fill should be compacted to a
density greater than the adjacent natural material.

A gravel/sand bedding should be placed over the graded enrth
for the bottom and side slopes of the chute. This
gravel/sand bedding should be from one to three inches in
thickness to provide a leveling base for the concrete
blocks, and to prevent tearing of a filter fabrie to be
placed under the concrete blocks. Thicker 1lifts of
gravel/sand will act as a drain and tend to undermine the
blocks. The gravel/sand bedding must be sized to prevent
migration of the underlying soll particles.

A filter fabric is placed to cover all of the gravel/sand
bedding. It must be sized to permit water to flow through
it without migration of the gravel/sand bedding and be thick
enough to withstand construction loads. The fabric should
extend beyond the limits of the gravel/sand bedding on the
side slopes and be anchored in a shallow earth trench above
the blocks. A minimum of a 12 inch lap, shingled in the
direction of flow, should be provided where adjacent sheets
join.

A plastic (polyvinyl) cutoff is required at the inlet to the
chute. Half of a 4'-0'" width of 6 wil (minimum) plastic 1s
Inserted into a two foot deep trench across the entire width
of the chute bottom and side slopes, and shingled over the
gravel/sand bedding and filter fabric. A similar cutoff is
required at the outlet {f the chute 1Is an in-line structure
(the outlet of the chute is into a channel flowing in the
same direction as the chute).

The blocks should be laid with the small end of the holes
up. Begin laying the blocks at the downstream end of the
chute bottom, progressing upstream to the inlet. This will
provide a good working surface without disturbing the filter
fabric and gravel/sand bedding.

After all the blocks are placed, £ill the holes in the
blocks with soil and seed with the same seed mixture as that
used for adjacent disturbed ares. Lime, fertilize, seed and
mulch all disturbed areas.

(EFM Netice IN-53, November 1989)
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DESIGN PROCEDURE FOR CONCRETE BLOCK CHUTES

l. Determine drainage area from USGS maps, aerial photos,
soils maps, and/or field observations. e

2. Determine controlled drop or overfall from survey data,
establishing inlet and outlet elevations.

3. Determine design storm frequency from Techunical Guide
Section IV, Specification 410, Table 1, as required for rock
chutes for drainage area and controlled drop at structure
site. Unless a vegetated emergency spillway will be
provided, use "total" capacity frequency for design of
concrete block chute. '

4. Determine peak discharge in cfs for design storm from
EFM Chapter 2.

5. Determine Hp: design flow in defined approach channel or
allowable ponding elevation above inlet elevation in area
above structure.

6. Determine bottom width of chute from Table A4,
Figure IN-6-12.

7 Determine tailwater (TW) elevation in outlet channel
downstream of chute.

8. Determine "F" dimension of chute: equal to or greater
than (inlet elevation + Hp - TW elevation) and (inlet
elevation - outlet channel elevation).

9. Design emergency spillway with crest above the Hp value
if one is feasible. See Step 12 of Design Procedure for
Rock Lined Chutes for discussion and procedure.

10. Determine settled £111 elevation adjacent to chute -
1.0 feet above Hp, but a minimum of 2.75 feet above the
inlet elevation. See Step 13 of Design Procedure for Rock
Lined Chutes for discussion.

11. Determine material quantities.

12. Conplete datz sheets for plan. Use IN-ENG-46,
IN-ENG-42 and cother shects as appropriate.

13. Check all work for omissions and errors.
14, Get required reviews and approvals of plan.

(EFM Notice IN-53, November 198%9)
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Example Design: CONCRETE BLOCK CHUTE
(w/o Emergency Spillway)

1. Determine drainage area; for this example, use 12 acres.

2. Controlled drop; Inlet Elevation = 105.0
- Channel Outlet Elevation = 100.0
Controlled drop = 5.0 feet

3. From footnote 6, Technical Guide Specification 410,
Table 1, for Dralnage Area = 12 acres, controlled drop = 5',
with no emergency spillway, design storm frequency = 24 hour
10 year storm. :
4. Determine“peak Discharge (Q). h
For this example, use Q = 13 cfs

5. Determine Hp: for this example, use Hp = 1.0 foot

6. Determine bottom width of chute:
from Table A - Figure IN-6-12,
for Hp = 1.0 and Q¢ = 13 cfs
Use 14 rows or 8.9 feet

7. Determine TW elevation: For this example, use depth in
outlet channel = 1.5 feet, or elevation 101.5

8. Determine F: Inlet + HP - TW
= 105.0 + 1.0 = 101.5 = 4.5
or Inlet elev - channel outlet elev .
= 105.0 - 100.0 = 5.0°

From Table B, Figure IN-6-12 - Use F = 5.38'
X = 16.06"
Z = 17.14"

or 13 blocks down the slope

9. There will be no emergency spillway

10. Settled fill elevation = inlet elevation + Hp + 1.0,
but not less than inlet elevation + 2.75
= 105.0 + 1.0 + 1.0 = 107.0
or 105.0 + 2.75 = 107V.75
Use Top of Settled Fill = 107.8

(EFM Notice IN-53, November 1989)
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1l1. Determine material quantities:
a. Number of blocks:
From Table B, Figure IN-6-12:
blocks per row across = 23
From Step 6:
rows across bottom = 14
Total blocks in bottom = 23 x 14 = 322
From Table B, Figure IN-6-12:
BElocks in sides = 174
Total blocks required = 496
b. Filter Fabric:
The face of each block is 0.635' x 1.302'
or 0.827 sq. ft. or 0.092 sq. yds.
For 496 blocks, 45.6 sq. yds required.
Add 10%+ for laps, edges, etc. Use 51 sq. yds
¢+ Plastic Sheeting: ;
For side drainage structure,
use 1 cutoff at inlet end.
Cutoff is (b + 4.6") long or {B 9'+4.6') or 13.5"
Plastic sheeting required:
13.5" x 4.0'/9 sq. ft. per sq. yd.
= 13.5" x 0.445
= 6.0 5q. yds. minimum
For an in line structure, 2 cutoffs would
be required, each 4 feet wide x 13.5 feet
long,at inlet and outlet ends, or
12.0 sq. yds. minimum
d. Bedding:
Area of blocks = 496 x 0.827 sq. ft = 410.2 sq. ft
Use 3" thickness of bedding,
or 0.207 cu. ft. per block
or 0.00766 cu. yds per block
For 496 blocks = 3.8 cu. yds
or at 1.5 tons per cu. yd., 5.7 tons

2. Revegetation area - Use twice bedding area
or 860 sg. ft.
plus other disturbed area

12. Use appropriate data sheets:
IN-ENG-46D may be used for design.
IN-ENG-46(Q may be used to compute material gquantities.
IN-ENG-46 should be used for construction drawings;
See Exhibit 1N-6-7.

I3. Check all work.
14, Get required reviews and approvals.

(EFM Notice IN-53, November 1989)
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EXHIBIT IN-6-7
U. S. Department of Agriculture IN-ENG-46D

Soll Conservation Service lo0/89
File Code 210-11

CONCRETE BLOCK CHUTE for £F 71 EYampPLE DELIgwW

Aol Y County SWCD, Indiana

Designed by 278 date: #-7-17 ; Checked by _date

DES8IGN

C ete hute:
Controlled Drop: ;
Inlet El /5.0 = Channel El 4.0 = 5.2 Feet
From IN-ENG-10A; Q (chute) = _ /3 cfs
Determine Hp:
A. Depth of flow in inlet approach channel for Q:
de = ft.
or B. Allowable water ponding elevation =
minus inlet elevation = .
df = ' ft.
SELECT Hp > dc or df: Use Hp = _/A¢2 feet

Determine b:
From EFM Figure 6-12, Table A,

for required Q and selected Hp -

Find b = _ /¥ rows across = _J£. 7 feet
e ne wate H

Depth of flow in outlet channel for Q:

d = /5 ft. + Channel El = fe0.0_ = TW E1 /o/.5

te e Fi
Fl = Inlet El #5o + Hp /o - TH El#a/s = #I ft
F2 = Inlet El sf.0 - Out. Channel El we.e = s.0_ ft
From EFM Figure 6-12, Table B,
SELECT F > F1 & F2; Use F = S5.3% ft
X = /L.0é £t

Z = s2.2% ft
Emergency Spillway (ES): Mg
From IN-ENG-10A; Q(total) = cfa;
Qe (design) = Q (total) - Q(chute) = cfs
ES Crest El1 = Entrance El
+ Approach channel depth (dc) =
Level Section (L) = ft.; Exit Slope (so0) = i;

Ercsion resistant soil? - yes-no (circle one):
Cover, stand & height - H

Retardance - ; Veloecity (V) (maximum) = fps;
Hpe = ~fE, } Diﬂcharqe per ft.(g) = cfs/ft.;
Bottom Width {(ba) = Q/g = ft.

Top of Settled Fill Elevation >
Inlet El /5o + 2.?5’ = je7. 75
Or Inlet El /e + Hp + freeboard (1.0') = /7.2
Or ES Crest EL __ + Hpe — + freebnard —— W
Use Top of Settled Fill Elevation fo7. &

{EFM Wotice IK-33, Kovember 1989)
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EXHIBIT IN-6-7 {(continued)

- U. 8. Department of Agriculture IN-ENG-460
© - Spil Conservation Service 10/89
. s File Code 210-11

CONCRETE BLOCR CHUTE for £ EW  EYamAle Delirés

AHY County SWCD, Indiana
Designed by (€7  date:-2-£% ; Checked by date

QUANTITIES

Concrete Blocks (from-EFM Figure 6-12, Table B):

Blocks per row across Z3 x Rows across [ = Jz2z
plus blocks in sides = /74
= No. blocks = _9¢{

Filter Fabriec:
No. blocks 'ﬁ‘?& x 0.092 = 4% { sq yds min..
Add > 10 % for laps and edges; Use S/ =sq yds
Plastic sheeting:
1 required at inlet for side drainage structure
2 reguired (1 at each end) for in-line structure
Each is 4 feet wide x (b §§ ft + 4.6 ft)
or /3.5 ft. long
Use 0.445 x length /3.Y = &.0 =g yds min. each
Bedding (stone/sand):
: No. blocks 449{ x 0.00766 = J 8§ cu yds min.
at 1.5 tons per cu yd = _5,7 tons min.
Revegetation area = acres

% & * * * -+ * * #* & * * * * %* * *. * * *
4 COBT ESTIMATE

ITEM e e QUANTITY UNIT PRICE AMOUNT
Clearing-. . Acres S =}
Excavation & Backfill cu.yds. $ g
Blocks f 7L each =} 5
'flltgf fébric s/ sg.yds.$ =}
3 ﬁlastic Shezting &iC sq.yds.$ 5
E,.‘-.edding .7 tons 5 )
.Réﬁééetatian acres § =}
Other s g s
Thl s
Contingencies - % 2
COST ESTIMATE 5

(TFM Notics IN-53, Movember 1989)
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EXHIBIT IN-6-7 (continued)

COMSTRUCTION DATA
— DATE
COHPLETED OATE —0

LAYOUT BY
CONTRACTOR

PRACTICE (DOES ) DOES HOT) MEET STANDARDS AMD SPECIFICATIONS.

CHECKED BY DATE
€
4 |MIN] 2o
= 1
-_— |
] D S
) .?.-.rl
L
LEVEL o
; T
HALF PLAN
N
roe a'-‘LEPEE I‘Lﬂml '
o7 ¥ § d|
IMLET ABRON - s +
fof.e

VARIES

; msr;cm;w .‘?fﬁ'

PROVIDE AN EMERGENCY SETLLKAY,
OonE O EACH STOE IF FEASTBLE,
£.3' 0 1.5 BELON TOP OF LEVEE.

—

yo fG0l"

SECTION ALOMG T CHUTE

- ]

Ha +.f.iz 2.75"

L-:‘\%'/—{' '_”&:5751_‘1\m:m For
' _ STRUCTURE

LEBEND

QO®E

CHANNEL wmfr /g0, o

CONCRETE BLOCKS
FILTER FASRIC

PLASTIC SHEETING
BEDOING 1% TO 3° THICK

LOCATION

cooPERATOR & Fid LE DEDW

COUMTY, BUCD,
et 4

INDTAHA

(EFM Notice IN-53, November 1989)

SECTION A-i NOTF TO S5CALE
ELEVATIONS STRAUCTURE CONCRETE BLOCK CHUTE
roe oF Lever_ _ _ (07 8 DIMENSIONS (SHEET £ 0F 3)
EMERGENCY SPILLKA r; e-_f3 ¢Fs GEMNERAL LAYOUT
IMLET APRON_ _ _ 05 © Ho= J.O F1
OUTLET APRON. — — -77-L- F=S. I8 rT U. S, DEPARTMENT OF AGRICULTYRE
CHAMNEL OUTLET, _ fé2.0 2= 2.9 rr SO0IL CONSERVATION SERVICE
BENCH HARK S
ELEVATION it €T 427 [ T
DESCRIETION T et
L e
______ “ VR R R
\REVISED 10-89 FEESEN ﬂ'f- M ._ﬁPZ -
. TN-ENG—4f
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EXHIBIT IN-6-7 (econtinued)

T CONSTRUCTION MOTES
1= Sjte praparation
A= Ramove all vegetation roots and topsell from chute site.
8- Excavate andsor placa compacted FII1] to chute slope and side
slope subgrade approximate 0.8 rt. pelow Finished grade.
Compacted fil1l shall be denser than adjacent wndisturbed
material,
2~ Excavate cutorr treach
A= Cutofr trench shall be excavated upstream of Inlet apran
to 24 Inches minimum below stonsssand bedding grade. Excavate
similar cutoff trench downstream of outlet spron for In-line structure.
S-Cutorff trenches shall extend to rull width of block placement
2.3 rfest putside bottom width "67 on esch sidel.
3= Place polyvinyl sheet In cutofr trenches: -
A= Plastic sheating shall be & mil minimum thickness.
8- Place plastic to bottom of trench and backrill.
C= Fold plastic above trench (24 Inches minimum) away from structure.
(o= Bedding:
- Place 1 to 3 dnches thickness of stonessand, Such as IDOW no.
23 24, or 15 over entire chute bottom and side slope
to grade reguired.
Place rilter rabric:
A= Filter fatric shall be nonwoven, needlepunched (not heat
bonded), with openings betwaen.0.45 mm-and 0.42 gm [U. 5.
Standsrd Sieve Sire betiden #40 and #100), tensile strength
120 1os. minimum bursting strength 210 18s. minimum, puncture
rasistance 40 15s. minimum, and de vitraviolet resistant.
8- Flace rilter radric over and outside orf entire stone/sand
bedding ang anchor with pins or staples in accordanteé with
manufacturer 's recommendations. Use minimum Isp of 24 Inches
ir rilter fabric is dnstalled in more than one plece.
C- Place rabric.dn trench outside of stone/sand bedding and snchor
with sarth. !
0= Oa not place Jtmy‘im or sarth on fadric m#ﬂ* #}m : g o
&= Fold plastic cutoff material over rilter rabric. S
7- Place concrete blocks starting at downstream end of ﬂm.‘ﬂﬂ' section
angd proceed upstream and downséream.
A= Concrete blocks shall be nominal 8°%8 *xf5% 1In good condition
. and free of sxcess mortar. ; .
8- Concrete blocks shall be placed with small end of holes up. .
L= Concrete plocks in floor shall be placed with .me parallel
to direction of rflow.
0= Concrete blocks In silde slopes shall be placed #.ftﬂ Jeagth
perpendicular (80 gegrees) to direction of rlow.
E= Concrete blocks shall not be dr.rrm an by any nn&iﬂary ﬂ‘prﬂw
or arter placement,
8- Finish operations:
A= FiI1l holes iIn concrete blocks with soil. Seed with same mixture
used on disturded areas.
8= Lime, rartilire seed and mulch all d.f:rrumed areas.

9

Bedding [ = - e - —

Flastic shesting . ...IE__._ Sar " ros.
(4.0 feet wide X {L.5 1in. ft. g

W Filter fadrif .= = = =

3 . fddd adoitional rfor }'qa.-ir m.:f rdge:}

Revegetation . — — — — — — Acres

COOPERATOR £ Faf LTIAE Dédie/

COUNTY SWCO, INDIAMA

s LOCATION Fietd 4 :
e
\&. CONMCRETE BL MFF
Pi‘g;{f-‘ (SHEET £ OF 3)

U. 8. DEPAATHENT OF AGRICULTURE
SOIL CONSERVATION SEAVICE

\ -1, . i [" ¥ ey 1
\\ {Based on _'mm““-__....._.
HALF TSONETRIC VIEW - Flliaals .. 1o e e o :::
fﬂb{ to scalel davalopmant) TR, |9 ;

Asvised 10-89p= - L& A

(EFM Notice IN-53, November 1989)



6-252

EXHIBIT  IN-6-7 (continued)

GEMERAL

Construction operations shall be cerrded out
In such & manner and seguence that erosion and
&ir angd water pollution will be minimizred and
held within acceptable limits. Constructian
melthods thet enhance wilolife habitat will be
used where practical.

The completed ij_:rb_.rﬂfl'f present an appearance
or good workmanship and shall conform to the
lines, grades, and elevations shown on the
drawings or 85 staked in the rileld.

All aperations shall be carried out In & sare
and skillful manner, Sarety. and health
regulations shall be observed and sppropriate
sarety measures used. .

STTE PREPAR{TION
All trees. stumps, M.u'n. ‘and similar materials
are to ve removed from f{r& construction ares
and disposed of in a mafner: :m:,fstmt with
environmental concerns and proger fmctiminﬂ'
of the spiliway. g ;

EXCAVATION

To the extent neesded, all sultable materials
removed from the speclfiad excavation shall be
used In the construction of the earth rill
areas of the structurs. All spoll deposited
adjacent toe the structure and In the adjacent
ares shall have a positive grade to drain
toward the structure.

MOTSTURE CONTROL

ma minimup molsture content ‘of the rFi1r
materisl and foundation shall be such that
m:p kneaded in the hand . the-fil1l material
w1ll form & ball which does not readily
separate. e maximum moisture content 1s
when conditions are too wet for erfrficient
use- of the hauling and compacting eguipmant.

HATNTENANCE A5 OMVENDA TTONS:

A maintenance program shall be estadlishag
by the land user to maintaln capacity and
vegetative cover., Ttems to consider are as
follows: o

1-0o not graze: saedao’ areas a’m".fn;r estadlishment
and wien :au cm:tjm ara to wat,

L)
= Protect strmc'tm fm damags mr rarm
am.r.r.ﬂment and rcn.f.-:'.!:.f

F-Maintain structure inlet and outlet areas
frea of any ohstructions.

J—.ﬂe‘pai'!.' structure as soon as possible arter
damage 18 notad.

5= Reastaslish vegatative cover immagdiately
where erasion has ramoved established ssading.

S-Malntain effective erosion control of the
contributing watershed to prevent siltation
and the résulting loss of capacity.

CONSTRUCTTION TOLERAMCES

Depth at centerline: Grade to 0.1 foot below
Kigeh: 10X wider not to excesd f.0 rfoot

Top of leves' Grade or above.

Side slopes: 0.4 Ft./fE.

FINISH AND G EANGE

The structure area and the designated spoil
areas will be finished in a relatively smooth
condition ready for seeding. All rocks 3 inches
in diameter or larger and roots shall be
removed from the surface aress.

VESETATTVE ESTABL TSHMENT

Excess water shall be directed away until
vegetation 15 establisnhed, 1f pessible. Any
protective works shall be removed and the
disturded areas shall be seeded for .ﬂﬂ"ml!'ﬂf
grass.

Apply lime to ralse the ph to
tons per acre.

at rate or

.Fert.”.f:e accarding to soll tests or al &

u nigumrate oF 1000 pounds of 12-12-12
.r- ﬁf w??r"j‘ts equivalsat] per acre as
soon as the sirictire has been constructed
Ir within the seeding dates.

Kork the fertilirer and lime into tha soil to
& depth of 2 = 3 Inches with a harrow or oisk.
Sesding will be done at the rfollowing rates:

Seed: Rate: 1= acre
Fate: - lbs. sacre

Mhen construction 15 completed belween Msy 11
and August 5 & temporary cover crop should be
established using the rollowing seeding:

Seed: Rate: 1bs. facre

Dormant seeding may be done between December
10 and Feoruary £8. Liming, rfertiliring,
seadbed preparation and mulching may be done
afead af the dormant seeding. with the seed
being sroadcast an top of the mulch.

Apply mulch at the rate of tons of straw
per acre.

COOPERATOR £5# &xawifis i
COUNTY SWCD, INDIAMA
Ereln A

LOCATION

CONVCRETE BLOCK CHUTE
[SHEET 3 OF 3
SPECTFICATIONS

U. 8. DEPARTHENT OF ABRICULTURE
S0IL CONSERYATION SERYICE

hw__rlf‘f: _!1’;& el Wy _ —

P s e 1 -
Aevised 10,69 |mee DE _ 48] F— I

(EFM Notice IN-53, November 1989)
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REINFORCED VEGETATED CHUTE

The reinforced vegetated chute is an economical method of
providing grade stabilization for smaller drainage areas
with intermittent flow where a flatter slope and longer
length 1s acceptable andfor it is not desired or practical
to use elther rock or concrete blocks. It is similar in
configuration to the rock lined chute, but uses so0il erosion
matting (SEM) and erosion contrel blankets (ECB) to
reinforce the vegetation in the water flow area. The SEM is
placed in the bottom of the chute and the ECE placed on the
side slopes. "It can be installed on chute profile slopes
not steeper than 5H:1V, and is normally not used on slopes
flatter than 10H:1V. Side slopes of the chute are from 2:1
to 4:1. It can be used in a waterway or channel to take up
grade between two flatter stable segments of the channel
without changing the vegetation in the chanmnel. Installation
iz a more labor-intensive tham a rock=-lined chute but less
labor-intensive than a concrete block chute.

The SEM (so0il erosion matting) is defined as a flexible, non
woven, geotextlle fabric made from randomly orliented polymer
moncofilaments thermally welded together into a three-
dimensional matrix or porous web and specifically designed
for erosion control and earth reinforcement applications.
Acceptable materials include, but not limited to, "ENKAMAT"
as manufactured by Akzo Industrial Systems Company, " Tensar
Mat” as manufactured by The Tensar Corporation, "Erolan
2010" as distributed by Hydro-Turf & Assoclates, and
"GREENSTREAK PEC-MAT" as manufactured by Greenstreak Plastic

Products Company, Inc.

The ECE (erosion contreol blanket) is defined as a flexible,
non structural, interwoven layer of bilodegradable dmaterial
(straw, excelsior, etec.) or photodegradable material (such
48 nylon fibers) sewn to or between photodegradable netting,
deslgned to reduce rainfall impact, reduce soil loss,
increase molsture retention, and enhance grass plant growth.
Acceptable materials include, but mnot limited to, "Erosion
Control Blankets" as manufactured by North Awmerican Green,
"Curlex Blankets” as manufactured by Americamn Excelsior
Company, and "ERO-MAT" as distributed by Contech
Construction Products, Inc. The specific style or type must
be selected to fit the site conditions.

(EFM Notice IN-53, November 1989)
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A reinforced vegetated chute is readily installed by a
landuser with his own equipment and labor. It is not
effective immediately upon completion of installation as is
da rock or concrete block chute. It will require 'more
frequent observation and maintenance tham a rock or concrete
block chute, but repairs and maintenance are easily done by
the landuser.

DESIGN ELEMENTS

Design Flow:

The design of the reinforced vegetated chute is similar
to that for a trapezoidal grassed waterway with "C"
retardance. .Allowable velocity (Vs) for easily eroded soils
is 5 fps; for erosion resistant soills is 7 fps. Stability
of the structure 1s determined as for am "E" retardance with
the allowable velocity being 8 and 10 fps respectively. See
EFM Chapter 7. For purposes of this practice, an erosion
resistant soil shall have a plasticity index (PI) equal to
15 or greater. Soils not meeting this requirement, and
soils with known dispersive characteristics, shall be
considered easily eroded.

Chute Geometry:

The reinforced vegetated chute configuration, profile and
cross-section are similar te that of a rock chute. The
bottom width of the chute is made to utilize full widths of
the SEM with required overlaps. The inlet and outlet
section lengths are determined as for the rock chute. See
rock lined chute discussion for background and criteria. To
help in maintaining stability, a 24" x 24" gravel or crushed
stone ‘drain 1s installed at the upper end of the inlet with
a drain tile or tubing outletting below the chute to
intercept seepage that would inhibit the growth of
vegetatlion and/or encourage erosion. A 4" length of riprap
is installed at the downstream end of the outlet section to
help in dissipating the energy from the steep chute section
without erosion. See Exhibit IN-6-8.

Emergency Spillway:

An emerpgency spillway should be provided if feasible. The
crest of the emergency spillway is placed above the design
Hp value. 5See discussion about an emergency spillway for
the rock lined chute.

(EFM Notice IN-53, November 198%9)
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Top of Settled Fill:

The top of fill elevation adjacent to the chute should be at
least one foot above the design flow in the approach
channel. See discussion about the top of settled fill
elevation for the rock lined chute.

INSTALLATION

The chute should be placed on an excavated baséd. If it is
necessary to place fill to bring the chute section to grade,
it is extremely important that the f£ill be compacted to a
density greater than the adjacent natural material.

""Place drain tile or tubing outside the chute area, including
outlet pipe section with animal guard. Leave upstream end
of drain tile or tubing exposed for later attachment or
placement in trench.

Frepare a seedbed, apply lime, fertilizer and seed as
appropriate.

Cut trenches for gravel drain on upstream end (24"x24") and
for riprap toe at downstream end (4' long x 2 d50 minimum
deep). Cut slots to anchor SEM and ECE in accordance with
manufaecturer's recommendations.

Place SEM in bottom of chute, including entrance and outlet
aprons. Extend SEM into trenches for gravel drain and
riprap toe. Place ECB on side slopes to at least one-half
foot higher than design depth of flow in chute. SEM and ECB
are placed with lengths parallel to the directionm of flow in
the channel. The ECB is placed so it shingles down the side
slope of the channel. Overlap adjacent strips and anchor in
accordance with manufacturer's recommendations. Overlap the
SEM and ECE a minimum of 6 inches at the break between the
bottom and side slope of the chute and anchor securely.

Fill slots with compacted earth fill and complete
installation of SEM and ECBE.

Extend perforated drain tile or tubing in trench across
inlet and place gravel or stone around draim tile or tubing.

Install riprap toe in trench at outlet. Use minimum
d50 rock size based on velocity in the chute. See
Figure IN-6-8.

Cover disturbed areas not protected by SEM, ECE or stone
with mulch or ECB.

(EFM Notice IN-53, November 1989)
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DESIGN PROCEDURE FOR REINFORCED VEGETATED CHUTES

l. Determine drainage area from USﬁS maps, aerial photos,
soils maps, and/or field observations. ;

2., Determine controlled drop or overfall from survey data,
establishing inlet and outlet elevations.

3. Determine design storm frequency from Technical Guide
Section IV, Specification 410, Table 1, as required for rock
chutes for drainage area and controlled drop at structure
site. Unless a vegetated emergency spillway will be
provided, use "total™ capacity frequency for design of the
reinforced vegetated chute.

4. Determine peak discharge (Q) in cfs for design storm
from EFM Chapter 2.

5. Determine soill type in chute area and allowable velocity
in chute.

¥6., Select chute profile slope (5) and chute side slopes
(z}i

*7. Determine bottom width and depth of flow in chute, and
check for b/d £ 50.

*8. Determine velocity in chute and check that it less than
allowable. :

9. Determine chute dimensions. Length and depth factors
are the same as for rock lined chutes.

10. Determine depth of design flow in upstream channel.

11. Design emergency spillway with crest above the flow
depth in the upstream channel if one is feasible. See Step
12 of Design Procedure for Rock Lined Chutes for discussion
and procedure.

12. Determine settled fill elevation adjacent to chute. If
no emergency spillway is used, place top of settled fill

1.0 feet above the flow depth in the upstream channel. See
Step 13 of Design Procedure for Rock Lined Chutes for
discussion. .

(EFM Notice IN-53, November 1989)
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13. Determine material quantities.

14. Complete data sheets for plan. Use IN-ENG-56,
IN-ENG-42 and other sheets as appropriate. o

15. Check all work for omissions and errors.
16 Get required reviews and approvals of plan.

* Figure IN-6-13 gives the capacity (Q) and velocity (V) ¢
reinforced vegetated chutes for various combinmations of
bottom width (b) and flow depth (d) for wvarious chute
profile slopes (5) with side slopes (z) = 3:1.

Example Design: REINFORCED VEGETATED CHUTE
(w/o Emergency Spillway)

1. Determine dralnage area; for this example, use 12 acres.

2. Controlled drop: Inlet Elevation = 105.0
= Channel Qutlet Elevation = 100.0
Controlled drop = 5.0 feet

3. From footnote 6, Technical Guide Specification 410,
Table 1, for Drainage Area = 12 acres, controlled drop = 5",
with no emergency spillway, design storm frequency = 24 hour
10 year storm.

4. Determine peak Discharge (Q).
For this example, use § = 13 cfs

5. Determine soil type in chute area and allowable velocity
in chute. For this example, assume an easily eroded soil
(PI <15), allowable velocity = 5 fps.

6. Select chute profile slope (S5) and chute side slopes
(z). For this example, use § = 5:1; z = 3:1.

7. Determine bottom width and depth of flow in chute, aud
check for b/d £ 50. From Figure IN-6-13, find b = 6°',

d = 0.4"; bfd = 6/0.4 = 15; <50, OK

B. Determine velocity in chute and check that it less than
illowable. From Flgure IN-6-3, V = 4.6 fps; <5.0, OK

(EFM Notice IN-53, November 1989)
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9., TnNetermine chute dimensions.
Entrance Section:

Total depth at entrance (de) > (d+1) = 1.4 ft.
Entrance length (Le) > 5(de) = 5 x 1.4 = 7 ft.
Upstream entrance width (be) > b = 10 ft.

Chute Section:
Total depth in chute (de) > (d+0.5) = 0.9 ft.
Chute length (Lc) = (F 3.0?6555) = 25 ft.

Slope Lemgth (Ls)=(F)(8°+1) °~ = 5x5.1 = 25.5 ft.

OQutlet Section: o ;
Total Depth in outlet (do)
Outlet length (Lo) > [6+3(V

> (2d+0.5) = 133 ft.

C-5)] = 6 ft.

10. Determine depth of design flow in upstream channel.
Assume 4% grade. retardance c/d:

waterway T = 20', D = 0.6'
11. There will be no emergency spillway

12. Settled £f111 elevation = inlet elevation
+ flow depth in upstream channel + 1.0

= 105.0 + 0.6 + 1.0 = 106.6

13. Determine material gquantities:
a. Perforated drain tile or tubing - use 4" or 5" diam.
minimum length = upstream entrance width - (be)
z X design inlet depth - z(de)
entrance apron length - (Le)
chute length - (Lc)
outlet apron leagth - (Lo)
z x design outlet depth - z(do)
distance to outlet if downstreanm
of chute outlet apron
In this example, minimum length = be (10') + =z(de) (3x1.4")
+ Le (7') + Le (25') + Lo (6') + z(do) (3x1l.3') = 56.1"' ;
Provide sufficient additional length of drain tile or tubing
to place outlet downstream of chute area - use 65'

+ 4+ 4+ 4+

b. Tile outlet pipe - Use 10 1lin ft of outlet pipe with
same or larger diameter as drainm tile or tubing with coupler
and animal guard. For this example use same diameter PVC
pipe.

c. Gravel or stone drainm - Fill 2' x 2' trench across
upstream end of entrance aprom - 2' x 2' x be (10') = 40 cu.
ft., or 1.5 cu. yds., or 2.2 tons at 110 pcf in place.

d. Riprap - use d50 = 7" with 2 x d50 depth across ocutlet
channel - b (6') x 4' x 2 x d50 (7/12) = 28 cu. ft., or 1
cu. yd., or 1.5 tons at 110 pecf in place.

(EFM Notice IN-53, November 1989)
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e. S0il Erosion Matting (SEM):

Area to _be covered by SEM = b (6') x [Le (7') + Ls
(25.5'") + Lo (6')] or 6 x 38.5 = 231 sq. ft., or 26 sq. yds.
If SEM 1is available in 3' wide (aet) rolls, 77 1lin. ft. is
needed, plus additonal length to allow for laps and slots.
For this example, use 100 lin. ft.

f. Erosion Control Blanket (ECB): 9
0.5 Area to be covered by ECB is 2 x [de (0.9) x (z~ +
1) "7 (3.16)] x [Le (7') + Ls (25.5') + Lo (6')] or 2 x 2.85
x 38.5 = 219 sq. ft., or 24.4 sgq. yds. " If ECB 1s available
in 3' wide (net) rolls, 77 1lin. ft. is needed plus
additional length for laps and slots. For this example, use
100 li'l'l.lln ft-

g+« Provide sufficient staples and or stakes as
recommended by the manufacturer to insure than the SEM and
ECE is adequately staked.

h. Determine disturbed area to be revegetated with lime,
fertilizer and seed. Areas outside of the area covered by
SEM and ECB may need to be mulched.

l4. Use appropriate data sheets:
IN-ENG-56D may be used for design.
IN-ENG-56Q may be used to compute material quantities.
IN-ENG-56C may be used to prepare the cost estimate.
IN-ENG-56 should be used for construction drawings;
See Exhibit IN-6-8

15. Check all work.

16. Get required reviews and approvals.

(EFM Notice IN-53, November 1989)
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[ CHUTE SLOPE = 5:1
i
i Ei 0,4 D.E U.E 0-? ..GJE
L b Q Vv Q Vv Q Vv Q v Q v
| 6 13 4.6 |24 6.4 |39 B.4
I 9 a9 w.e |37 73
12 28 5.3 | 50 7.4
i 15 35 5.4 | 64 7.7
18
CHUTE SLOPE = 6:1
6
! 0.4 0.5 0.6 0.7 0.8
b Q v Q0 Vv Q0 v Q v Q v
5 12 4.0 | 21 5.6 |34 7.2
g 18 4.4 | 32 6.1 |52 8.0
12 24 4.5 | 43 6.4 |71 8.5
15 30 4.7 | 55 6.7 |89 8.9
18 37 4.8 | 66 6.8 [|L08 9.1
CHUTE SLOPE = 8:1
4 0.4 0.5 0.6 0.7 0.8
i b Q V a V Q Vv Q v Qo Vv
6 g 3.2 |17 a4 |27 5.8 | 41 2.2
9 14 3.4 | 25 4.8 | 41 6.4 | 62 8.0
12 19 3.6 | 34 5.1 |56 6.8 | B4 8.5
i 15 24 3.7 | 44 5.3 |71 7.0 |106 8.9
| 18 29 3.8 | 53 5.4 | 86 7.2
i CHUTE SLOPE = 10:1
d 0.4 0.5 0.6 0.7 0.8
b Q v Q0 v Q -V Qo Vv Q v
6 g 2.7 | 14 3.7 | 22 4:8| 34 8.0 49 7.2
9 12 2.9 | 21 4.0 | 34 5.3 | 52 6.7 | 74 8.1
12 16 3.0 | 29 4.2 | 46 5.6 | 70 7.1
15 20 3.1 | 36 4.4 | 59 5.8 | 89 7.4
i8 24 3.1 | 44 4.5 | 71 6.0 |108 7.7

V allowable for easily eroded soils = 5 fps
¥ allowable for erosion resistant soils = 7 fps

Figure IN-6-13 - REINFORCED VEGETATED CHUTE CAPACITY
(Based on Retardance C with side slopes (z) = 3:1)

(EFM Notice IN-53, November 1989}
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EXHIBIT IN-6-8

U. S. Department of Agriculture IN-ENG-56D
Soil conservation Service 10,/89
File Code 210-11

REINFORCED VEGETATED CHUTE for &M Exanmrie Detsed
Paad i County SHCD, Indiana

Designed by (&7 date: #-¢<%;. Checked by ‘date
DEBIGH

Reinforced Vegetated Chute:
Controlled Drop (F):
Entrance El #5.e - Outlet El /e=.© = 5.0 Feet (F)
From IN-ENG-10A; Q {chute)} = /g cfs
Soil Type EALy eRaD/0LE { FI<i5): Petardance - C/E
Allowable velocity (Vs): Easily Eroded Scils = 5 fps
Erosion Resistant Soils = 7 fps
Chute Profile Slope (S) = S :1: side slope (z) = 3 :1 (S,z)
Bottom Width (b) = ¢ ft (b)
C Retardance: cChute flow depth (d) =2. ft. (d)
Check b/d<50; b/d = _sx~
Veloclity (VC) = Q/A
= O/[d(bizd)] = 45 gpse” (ve)
Entrance Section: '

Total depth at entrance {de] > (d+1) = /J.¢4 ft. (de)
Entrance length (Le) > 5(de) = 2 Et. (Le)
2

Upstream entrance width {be) fe  ft. {be)
Chute Section:

Total depth in chute (dc) > [d+ﬂ 5] o.fF rt. (dc)

-~ Chute length (Lc) = (F _S,= ]{§ ] = e ft. (L)

Slope Length (Ls} = (F _s5..2) (5 +1}E S 7 = 255 ft.

Outlet Section:
Total Depth in outlet (do) > (2d+0.5) = A3 ft. (do)

. Outlet length (Lo) > {6+3(VC-5)] = &  ft. (Lo)
roach Channel: ' )
Grade = t:n= : or Retardance fﬁ?'
Bottom width (bw) = ft.; Side Slopes = __ :1:
or Top width (T) = 2o fE.:
Depth (D) = &£.& ft.;
Emergency Spillway (ES): LA :
From IN-ENG-10A; Q{total) = cfs:
Qe (design)! = ¢ (total} _ - Q{chute} = cfs
ES Crest El = Entrance El
+ Approach channel depth (R} _ =
Level Section (L) = ft.; Exit Sione (so} = %
Erosion resistant so0ll? - yves-no ({circle one);
Cover, stand & height - :
Retardance - ___ ; Veloclitv V) [(maximum) = frs;
Hp = ft.; Discharge pexr ft.(g) = ___ «afs/ft.;
Bottom Width (bs) = Q/c = o rt.
Top of Fill:

Top of Settled Fill Flevation =
Entrance El fefic + D o & 4+
or ES Crest El + Hp -
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EXHIBIT IN-6-8 (continued)

U. 5. Department of-Agriculture III‘I—EHG. -560
Soil conservation Se_rvicé-l : '10/89 '
L File Code 210 11

REINFORCED vEGET:ﬁTED cm& fnr EFM éj’wté‘ derrcd .
% Aw Y - .County sﬂcn, Inﬂinna
Designed by fET" date: f_—f_ﬂ_ Checkeui?‘by . _date :

SRR ..-' -_!::'_. e

QULHTITIEB

Perforated drain tile or tuhing - f " diam;:
min. length = be+z{da]+Le+Lc+Lo+= (do) . S
B Use . 4" in. ft.

Tile uutlat. pipa {_fL diam], material _WC- .- Iin. ft.
with cnuplar and animal guard %

Gravel a::-r stbna drain - 2% 2’ x be( /0 10 ) =40 cu. ft,
: s = T/4% cu. -yds.

e f""’ puf = "z.Z-tons

Riprap - ds0 = 2 ~inches : 7o e
b(g]x#xzxdsu(zjglz Z& cu. ft.

= 0 _ Ccu. yds.
AR e /e pcf = 4:-3' tons
Soil erosion mﬂtting (SEM) :

b (_&) x (Le + Ls + Lo + laps + slots) _ua. z.-n‘ Bq. ft, i,

o - 5q. yds.mieq
e J net widths, ‘?'? 111:; ft or ‘rolls -
: e _ . ref i
Erosion Control Blanket (ECB) 3 Fe i
width required = {(z de)” + 1] + laps .+ slots
= 2 £t

length required = 2(Le + Ls + Lo + laps) = _Z/9 ft.
@ 3 ' net widths, _Z/f 1in. ft or rolls
J"Hpt. ; ;

Staples and/or stakes for anchoring -

e M e 0 £

Revegetation area = acres
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EXHIBIT IN-6-8 (continued)

'U.. S. Department of Agriculture
Soil Conservation Service

IN-ENG-56C

10/89

File Code '210-11

ummacnn VEGETATED CHUTE for &£ /M Ff-‘f'"'"‘r&' Dessé Al

ANy

Déé_i@ried by ﬂ date:
G COST ESTIMATE

ITEM
Clearing

Excavation

-Tila or tubing, ézﬂ diam

Tila outlet pipe - Pve

" diam w/coupler

and animal guard
‘Gfaﬁei.ﬁr sfune.ﬁrain'j
Riprap - ds0 = o iy
soil Erusiun Matting
Ernﬂiﬂn control Blanket
15tﬂp1&s or stakes
Revpgetatinn ;

'Dthn;

/f-9-87; Checked by

QU&HEI?Y ‘UHIT

County SWCD, Indlana

date

mngéﬁixgﬂgyﬂT

ncres $ 5'
cu.yds. $ s
¢o " 1n.tt.s $
10 11n.ft.é' $
2.7 tons $I :I$
. IS tons s s
rolls ‘& " 8
railﬂ $  g
boxes § $
acres $ o8 L
- g .l b
TOTAL - R
Contingencies - __ S
$

COST ESTIMATE
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EXHIBIT IN-6-8 (continued)

GRAVEL 08 cﬁuﬂﬁm — EROSION CONTROL
STONE —  BUANKET (ECE) NOTES:

CHUTE SLOPE "S™ NOTF STEEPER THAN 5 1.
SIIJE' SLOPES 2" WT STEEDE‘? THAN 25 1.
THE ENTRANCE AFHGIV Ffﬂrff WI-{.L VA}?F

” Aoy o, 1@ ra v _G

o —*_S‘E?IL EHQFIM BHOVIOE AN FHEQI?EMY SPILLKAY, ONE OM|
NJTTIJ"-E fSEHJ EACH SIOF IF FEAFIELE WITH CREST
ELEVA TIov AH'QVE AFPHQAQ{ CMW;
SESIGN FLON ﬂEFF‘H

4% 07 5% JTILE ‘mm £T. FVCWEH F!PE
OR TUSING — WITH ANIMAL GUARO

VEGETATED OVERFALL STRUCTURE

bbb 1 | hdsle 171 o | | |
| ;
f - CJ - o
T -"";E‘ il ok, Bt
ok NG - = =
[Em Y @ : i
r [ ™ - fx /) & T
E;ai E!l:.j;_ B [y | X ﬁ"i}f Qrtiaa 4 e
M Aol WYL . e
b y ~
I oz i o o
Ly B (N P .. . b
i, o R RES i IR al | | /e
l‘q : ; |_|'1_‘ w{y-kf Ty }.!_-"':
I ) =1 SEg.gof
60 —t—t—1- R = :
). q_L'_N,q.. = i G SR B o R (. P - 1 d,._.,
] a by 5 1 Y | o R O
) :
o ) 2o g fo . Lo
.Y .
PROCTLE ALONG CENTERLINE OF CHIUITE
(SHOW SOIL BORINGS]
EETIHA JTE UF {?UANTITIES
CLEARTING, . i i e i ACRES
EXTA mrfwur e et ¥OS| coupenaToR EFM_ExAmbe DEUGN
TILE OF TUSTME o O wsrsnic =B TN FT) oo PERD g THRITANG
TILE QUILET PIPE - PVC LDEATLON. —
G v pram. wITi COUPLER Cocim e o ——
AND dnImal Guar ... .. _d2 . tIN. FT. HETNFORCED
GRAVEL OR STONE DRAIN .. ...... E-Z rons VEGETATED CHUTE
TR e T ek LS jows (SHEET 1 OF 4J
SOIL EROSION MATTING ......... _ AOLLS
~ . 8. DEPARTHENWT OF AGRICULTURE
fﬂﬂlﬂ‘fﬂ"v’ Cﬂﬂ-’fﬁﬂf_ ELA'-“-W!:.F ........ __HHLI.E : SOIL E{IIHSEFI\H.TIUN SEH\PIEE
STAPLES OH STAKES «visunnnonts g BONEST s CET Wy jeremm o
B VEBETATIIN .. oo oo momem s memem e S ;e ™ P P S e T
10,89 P .. 2C 1T E- -
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EXHIBIT IN-6-8 (continued)

{G‘MSSEJ HATERWAY

TOP OF SETTLED FILL ELEV.
CREST OF EMERGENCY SPILLWAY ELEV. — _

(A 0E= X
=
or T= _EO
I i ELEV. /05,0
o

766G

STONE ORAIN 3 T . BOTTOM GF
4" 07 5" TILE 24" Q OUTLET  CHANNEL
OR TUBING — i "ll RIPRAP TOE

; 0 18 * rHICK

i ENTRANCE

; AFRON OUTLET APRON

LENGTH CHUTE LENGTH LENGTH
tam i T Le=_2%0 ' Llp= G
SECTION ON CENTERLINE
- /3
Z=3 T /
RS a‘ell- . e et
r i
; ~ EAOSION conroL LEGEND
SEE AL TERNATE SLANKET F — CONTROLLED DROP :
| PETAILE S0IL EROSION b - BOTTOM WIDTH OF CHUTE
‘ o MATTING be — WIDTH AT ENTRANCE UPSTREAM
Op=—t2_ dp - ENTRANCE APRON DEPTH

d. — CHUTE DEPTH
g, = OUTLET DEPTH
SEM — SOIL EROSION MATTING
ECE —-

TYPICAL CHROSS SECTION

EROSION CONTROL
BLANKET (ECH]

SOIL EROSIDN
(4 FrinG  (SEMT

ALTERNATE DETAILS

EROSTION CONTROL
BLANKET (ECH!

S08. EROSTION
MATTING  (SEM)

S,

EMERGENCY SPITLLWAY

EROQSTON CONTHOL SLANKET

APPROACH CHANNEL
bw — BOTTON WIOTH
T — TO°P WIDTH
0 — FLOW DEPTH

bs — BOTTOM WIDTH

o

LOCATION

OPERATOR &7 Exmmife Dk
COUMTY SWCD, IN[:II.arm
fret s

LAYOUT BY

CONSTRUCTION 0474

REINFORCED

VEGETATED CHUTE
(SHEET 2 OF <)

U, B. DEPARTHENT OF AGAICULTURE

e M o e SOIL CONSERVATION SERVICE
CONTRACT _COMPLETED DATE i -

MCTOR e R e p—— _fp;,_/yi i A o o -
ERACTICE (DOES) (i"'FS NOT) MEET STANDARRS LAty - W 22222
SPECTFICATIONS T e T
CHECKED BY s B 7 | r PRy . [ B |
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EXHIBIT IN-6-8 (continued) C .

GENERAL

1. Construction operations shall be carried oul
In such & manner and seguence that erosion andg
air ang water pollution will be minimired snd
held within acceptable limits, Constructieon
methods that enhance wildlire habitat will fHe
used .mere practical.

2. The completed fob shall present an appearance
of good workmanship and shall conform to the
lines, grades, and elevations shown on the
drawings or a5 staked in the rield.

3, A1l cperations shall be carrled out In & sarfe
and ski1llful manner. Sarety and health
regulations shall e observed and appropriate
sarety measures used,

SITE PREPARATION

f. A1l trees, stumps, brush, ang similar materisls
are to be removed from the constructlion sres

and disposed or In & manner consistent with
environmental concerns and proper functlioning

of the structure.

2. Excavate andsor place compacted rill te
finished grade of reguired section and slope.
Compacted Fi111 shall bde denser than adjescent
undisturdbed material. Finished grade should
be free of any clods, clumps, rocks or
fepressions that would pravent the soil
erasion matting (SEN) or erosion control
blanket [ECE! from Iying rlush to the surface.

3, To the extent needed, 21l suitable matarisls
remaved from the speciried excavation shall be
used in the construction of the earth Fi1ll1
areas of the structure, A1l spoil deposited

in the ares adjacent to the struvcture shall
haye & positive grade to drain toweard the
structurs.

4. Place drain tile oautside chute area, Including
outlet pipe section with animal guard. Lesve
ypstream and of drain tile or tubing exposed for
later attachment ar placement in trench.

MATNTENANCE RECOMMENDIA FTONS,

A majintenance program shall pe established

&y the Jang user to maintain capacity andg

vegetative cover. Itam.'r to consider are 85

fﬂIJGME

1-Da not graze seeded areas during establishment
and when soil conditions are to wet.

2= Protect structure from cdamage by rfarm
eguipment and vehicles,

F-Maintain structurs fnlet and outlst areas
fres of any obstructions.

d-Hepair structure as soan as possible arter
damage 15 noted.

5 Aeastabdlish vegetative cover immedgiately
wheEre erosion has removed established seeding.

§-Maintain effective erosion control of the
contributing watershed te prevent siltation

VEGETATIVE ESTABL TSHMENT

1. Prepare 8 seedbed.

2. Excess water shall be directes ﬂ'lr'.ﬂy urrédld
vegetation is established, I1F possible. Any
protective works shall be removed and the
disturbed areas shall be seeded for permasnent
grass.,

F. Apply lime to ralse the ph to at rate

ar tons par acre.

4. Fertilire according to soil tests or at &
minimum rate of 1000 pounds of {2-12-12
fertiifrer for Its eguivalent] per acre.

5. Nork the fertflizer and lime JInto the soil to
& depth of 2 - 3 inches with & harrow or oisk,
Sesding will be done at the following rates’

185, sacre
15, facre

Rate:
fater

._Eerd.‘

&. Mhen construction 15 performed bdetween May 11
ang August 8 & temporary cover crop should be
established using the follewing seeding:

Sepdr Aate: I1bs. facre

7. Dormant seeding mey be done between December:
10 and Februveary 28. Liming, rertilizing.

seedbed prepsration and mulching may be done
ahead of the dormant seeding, with the seed
bedng bdroadcast on top of the mulch.

" 8. On disturbed areas not, cavsre;u' with soil

erozion matting (SEN) er erosion control blanket
(EC8) apply mulch at the rate of tons of
straw per acre or use erosion control dlanket

feca) .

COOPERATOR _£FM Exifotdit e sjcs
Ay COUNTY SWCD. INODIANS

LOCATION FAeth o

AETNFORCED
VEGETATED CHUTE
(SHEET .3 OF 4
SPECIFICATIONS

U. B, DEPARTHENT OF AGRICULTUAF
BOIL COMSERYATION SERYICE

and the resulting loss of capacity. pratees CETT _’}_/?' B e
I SEDE il ek ~
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e P € _tf- 41 B
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EXHIBIT IN-6-8 (continued)

th "

¥

IFL#EE‘ SENM £ ECH
f. Natarials
Sodl Ercsfon Matting (SEM -

A rlexible, non-woven geotextile rabdbric made

from randomly oriented polymer monofilaments
tharmally welded together Iinto & three-

dimensional matrix or porous weh and specirfically
designed rfor erosfon control and earth reinforcement
applications. Acceptable materials include, but

are not limited to, “EMKAMAT® as manufactured &

Akro Industrial Systems Company, “TENSAR MAT" as
manuractured by The Tensar Corporation, TEROLTAN
2010" as distributed by Hydro-Turf § Assocjates, ang
"CREENSTREAKN PECMAT™ as manuractured by Greenstreak
Flastic Products Company, JInc.

Erosion Control Slanket (EC8/

A rlexiple non-structural, Interwoven layver of
blogradeble material (straw, excelsior, etc.) or
photodegradable material (such as nylen fibers) sesn
to or between photodegradable netting, designed to
reduce rainrell impact, reduce soil loss, Increase
moisture retention and enhance grass plant growth.
Acceptable materials include, but not Iimited to,
EROSTON CONTROL BLANKETS " as manufactured by North
American Green, TCUREX BLANKETS® as manufactured by
American Excelsior Company. and "ERO-MAT® as
gistriputed by Contech Construction Froducts, Inc.
The specific style or type must be selected to rit
the site conditions,

2. Cut trenches for gravel drain on vpstream end and
riprap tos at downstream end. Cut slots to anchor
SEM and CEF in accordance with manuracturer's
recommendations.

7. Place SEM in bottom of chute, including entrance
and outlet aprons. Extend SEN into trenches rfor
grave] drain and riprap toe. FPlace ECS on side
slopes to at least 6 Jnches higher than design depth
of flow., Overlap adjacent strips of SEN and ECE

and stake in accordance with manuracturer's
recommengation's. F111 slots with compacted earth
Fill and complate installation orf SEN and ECH.

4. Extend perforated crein tile or tubing in trench
ascross Inlet and place gravel or stone drain around

drain tile or tubing.
5. Install riprap toe In trench at oullet.

RIFPRAR GRADATION

dfﬂ - Inches
SIZE X, PASSING
BY WEIGHT
- 1008
T _s0%
i X%

MOTS TURE  CONTROL

The minimum molfsture content of the rill
material and rfoundation shall be such that
when kneaded In the hand the ril] meterisl
will form & pall which ooes not readily
separate. The maximum moisture content Is
when conditions are to wel for erfrficient
use or the hauling and compacting egquipment.

COVSTRUCTION TOLERANCES
Oepth at centerline: Grade to 0.5 rfoot below

Wigth: 10X wider not to exceed f.0 foot
Top orf leves: Grade or above.
Side slopes: +0.f rt. ./t

FINTSH AND CLEANLIE

The structure ares ang the designated spoil
aress will be rinished in & relstively
smooth condition ready rfor seeding. Al7
rocks 3 fnches Iin odiameter or larger and
roots shell be removed from the surface areas .

COOPERATOR £ JxAmdis Deisie
E%NTT SWCD. INDIAMA
e A

LOCATION

RETMFORCED
VEGETATED CHUTE
ISHEET 4 OF 4/
SPECIFICATIONS — CONTIALED

U, 8. DEPARTHENT OF ABAICULTURE
BOIL CONBERVATION SEAVICE
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(EFM Motice IN-53, November 1989)





